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PREFACE. 


I5  thiB  work  I  propose  to  prove  that  the  laws  of  Organic 
Chemistry  are  as  simple  and  orderly  as  the  laws  of  Inorganic 
Chemistry,  and  that  the  confusion  which  prevails  in  the  former 
is  attribntable  in  no  degree  to  irregalarity  in  organic  com- 
poimds,  but  to  a  disregard  of  the  true  laws  of  the  science  and 
a  devotion  to  false  hypotheses. 

The  work  includes  a  critical  inquiry  into  the  authority  and 
importance  of  the  doctrines  which  are  commonly  accepted  by 
chemists  as  sound,  and  of  others,  which  I  recommend  for 
adoption,  as  better  proved  and  of  more  universal  application. 

I  cannot  enumerate  these  new  doctrines  without  encroaching 
upon  the  Table  of  Contents,  but  I  may  specify  a  few  ex- 
amples : — 

A  new  theory  of  the  constitution  and  atomic  measure  of 

gaseous  salts  and  radicals. 
A  method  of  determining  the  atomic  measures  and  specific 

gravities  of  compound  gases,  from  their  formulae  alone. 
A  theory  of  the  origin  and  metamorphoses  of  organic 

radicals. 
A  theory  of  vice-radicals. 
A  theory  of  salts,  free  from  acids  and  bases. 
A  consistent  theory  of  ammoniums  and  amidogens,  and  of 

the  salts  which  are  formed  by  those  radicals. 
A  theory  of  anhydrides,  explanatory  of  the  constitution  of 

those  salts  in  which  both  radicals  are  acid  radicals. 
An  explanation  of  the  constitution  of  the  salts  which  are 

commonly  assumed  to  be  produced  by  certain  imaginary 

compounds,  called  polybasic  and  conjugated  acids. 


a  2 


V  PREFACE. 

Proof  that  the  results  of  electrolytic  experiments  justify 

the  adoption  of  radicals. 
A  demonstration  of  the  impolicy  of  attempting  to  separate 

Organic  from  Inorganic  Chemistry. 
A  systematic  nomenclature,  applicable  to  every  descrip- 
tion of  chemical  compound. 
I  adduce  evidence  to  prove  that  the  following  Hypotheses 
(among   many   others)    propagate   Fallacies    for    Truths,    and 
thereby  obstruct  the  progress  of  the  science : — 

That  water  contains  only  one  atom  of  each  oi  its  two 

elements. 
That  elementary  atoms  combine  in  multiple  proportions. 
That  salts  contain  acids  and  bases. 
That    such    things    exist    as    sesquioxides,    polyatomic 

alcohols,  and  conjugated  and  polybasic  acids. 
That  all  salts  are  formed  on  the  model  of  water. 
That  all  compounds  which  contain  azote  are  formed  on 

the  model  of  ammonia. 
That  isolated  elements  do  not  exist,  so  that  free  chlorine 

and  free  hydrogen  are  binary  compounds. 

Every  experiment  quoted  in  this  work  is  derived  frona  the 
writings  of  the  chemists,  whose  theories  I  oppose.  The  ail- 
ments rest  therefore  upon  facts  which  will  not  be  impugned. 

I  treat  all  unsettled  and  disputed  doctrines  as  if  the  reader 
intended  to  form  an  independent  and  impartial  opinion  upon 
them.  I  pay  no  respect  to  any  other  Authority  than  that-  of 
Facts  and  the  Probabilities  which  arise  from  concurrent  circuni- 
stantial  evidence. 

The  adoption  of  the  Radical  Theory  would  put  an  end  to 
much  false  philosophy,  would  speedily  extend  our  knowledge 
of  organic  compounds,  and  facilitate  the  study  and  improvement 
of  every  department  of  the  science. 

Ixmgton  Lodge,  Sydenham^ 
24:ih  December,  1857. 
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A  Memoib,  containing  a  succinct  account  of  the  principles  of  the  Radical 
Theory,  accompanied  by  historical  notes,  in  disproof  of  M.  Qerhardt's  claim 
to  the  invention  of  the  theory  of  hydration  of  acids  and  bases,  was  presented 
to  the  Chemical  Society  in  the  month  of  June,  1855. 

The  printing  of  this  Volume  was  commenced  in  the  Spring  of  1856.  The 
Author's  illness  occasioned  an  interruption  of  nearly  a  year.  The  work  was 
afterwards  slowly  proceeded  with  until  the  end  of  the  year  1857. 

In  consequence  of  this  interruption,  and  of  the  progress  of  the  science 
during  the  years  1856  and  1857,  it  happens  that  the  earlier  sections  of  the 
work  are  not  always  in  strict  accordance  with  the  later  sections.  Thus,  the 
theory  of  the  Anhydrides  and  that  of  the  Conjugated  SulphoHicids,  as  first 
described,  imdergo  important  modifications  in  the  article  which  commences  at 
page  480.  In  such  cases,  the  Authoi's  opinions  are  to  be  taken  as  they  are 
expressed  in  the  latest  statements. 
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The  Radical  Theory  in  Chemistry. 


On  the  Proximate  Constitution  of  Acids,  Bases,  and 

Salts. 

Twenty-three  years  ago  I  read,  before  the  Philosophical  Society  of 
Glasgow,  a  paper  on  **  The  Proximate  Constitution  of  Chemical  Com- 
ponnds,"  and  in  the  year  1834,  I  published  that  Paper,  as  part  of  a 
ffrork  entitled  ''  ChemicdL  Recreations, ' 

The  chemical  doctrines  which  I  then  advocated  differed  considerably 
fitnn  the  doctrines  tiiat  were  entertained  by  most  chemists  of  that  period, 
and  they  met  with  the  hostility  which  constituted  authorities  commonly 
oppose  to  radical  theories  and  organic  changes.  The  book  was  well  re- 
oaved  by  the  public,  and  the  edition  of  3,000  copies  was  exhausted  in 
two  years ;  but  as  the  chief  purpose  of  the  work  was  to  teach  experi- 
meotal  chemistry,  when  it  was  reprinted,  the  theoretical  chapter  was 
omitted,  and,  though  I  never  abandoned  my  radical  theories,  I  have, 
from  that  time  to  the  present,  ceased  to  press  them  upon  the  attention 
of  chemists.  Even  now,  afler  a  silence  of  nearly  a  qusurter  of  a  century, 
I  return  to  the  subject  only  because  I  am  provoked  to  it  by  a  challenge 
from  Mr.  Charles  Gerhardt.  I  hope,  for  these  reasons,  that  I  shall  not 
be  considered  importunate,  especially  as  the  subject  to  be  discussed  is 
oQe  upon  which  the  minds  of  philosophers  are  wholly  imsettled,  and 
upon  which  it  is  desirable  that  some  intelligible  and  comprehensive 
theoiy  should  replace  the  multiform  and  misty  hypotheses  by  which 
the  chemical  world  is  now  governed. 

Mr.  Gerhardt's  challenge  is  contained  in  a  paper  that  was  published 
in  IMfig's  Anmlen  der  Chendey  for  August,  1854,  and  it  runs  thus : — 

"  Mr.  Kolbe  glows  with  indignation  over  what  he  calls  '  Williamson's 
Tlieoiy  of  Water,  Ethers,  and  Acids.'  I  do  not  compreliend,  how  a 
theory,  whose  first  and  weightiest  points  were  demonstrated  by  me 
several  years  ago,  is  suddenly  become  'Williamson's'  theorv.     Now, 
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4  THEORIES  CLAIMED  BY  MB.   GERHARDT. 

who  was  it  that  first  said,  that  water  was  IPO,  and  not  HO ;  that  hy- 
drate of  potash  was  KHO  and  not  KO,HO ;  that  oxide  of  potassium  was 
K*0  and  not  KO ;  that  ether  was  Ae*0  and  not  AeO ;  that  the  so-called 
aqueous  nitric  acid  was  NHO*  and  not  NO*,HO,  and  so  fortli  ?  Who 
was  it  that  devised  the  method  of  writing  which  is  employed  by  Wil- 
liamson and  the  other  English  chemists  to  exhibit  the  diflerences  of  these 
methods  of  combination  ? 

"  The  main  point  which  now  divides  chemists  into  two  parties,  lies  m 
the  relative  atomic  weights  between  oxides  and  their  hydrates,  ether  and. 
alcohol,  the  so-called  anhydrous  and  their  corresponding  hydrated  mono- 
basic acids.  According  to  the  old  school,  all  hydrat^  oxides — alcohol 
as  well  as  the  hydrated  monobasic  acids — contain  the  elements  of  water* 
This  now  did  I,  before  all  other  chemists,  deny.  Caustic  potash,  alcohol, 
acetic  acid,  I  said,  contained  no  water:  Beraelius  and  the  old  school 
doubled  the  atomic  weights  of  these  bodies,  and  declared  that  they  con- 
tained water.  This  is  the  fundamental  difference  between  the  two 
theories. 

"  For  a  long  time,  I  and  Laurent  were  the  only  advocates  of  my 
opinions.  Aflerwards  Chancel  adopted  them,  and  at  a  later  period 
Williamson." 

Such  are  Mr.  Gerhardt's  claims. 

I  undertake  to  reply  to  them,  because  I  can  prove  that  he  has  no  title 
to  the  theories  which  he  so  boldly  claims. 

As  the  question  must  be  treated  historically,  I  begin  by  inquiring, 
when  it  was  that  Mr.  Gerhardt  himself  first  published  these  theories  ? 
He  tells  us,^  that  it  was  in  the  year  1842.  I  ask,  then,  did  any  one  else 
publish  the  same  theories  before  that  year?  That  is  the  question  to 
which  I  am  about  to  reply. 

In  the  year  1826,  Dr.  Thomas  Clark  published  in  Glasgow,  for  the 
use  of  his  students  in  the  Mechanics*  Institution,  a  series  of  Tables  of 
Chemical  Formula;,  a  copy  of  which  I  now  reprint  The  formulae  given 
in  these  Tables  for  water  is  HO,H ;  that  for  anhydrous  potash  is  PO,P  ; 
that  for  alcohol  is  HO ;  CH,H ;  CH,H,H.  Ether  and  hydrate  of  potash 
do  not  appear  in  Dr.  Clark's  Tables ;  but  the  formulae  of  the  hydrated 
acids,  namely  of  aquafortis,  oil  of  vitriol,  oxalic  acid,  acetic  acid,  &c,, 
show  that  all  these  contain  as  base  a  single  atom  of  hydrogen,  and  are 
without  water. 

Examples : — 

Aquafortis     ,     .     .     A0,0,0;  H 

Oil  of  vitriol       .     .     S0,0;  H 

Oxalic  acid    ,     .     .    C0,0 ;  H 

Acetic  acid    .     .     .     CH,H,H;  C0,0;  H 


*  Comptes  Bendus  des  Travaux  de  Chmiey  1850,  p.  428. 
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Aiote-  -------A 

Bpirogcn       -----.♦-H 

Chorine         -.------         Ch 

Iodine  -.-----         I 

Ifercory         -------  Mr 

PimsBne,  or  Cyanogen  -----         CA 

Salpharotis  acid         ------  SO 

i^oiphureited  hydrogen         -----         SH 


8 
7 

.8* 

62 
50 
13 
16 

H 


Seleniu  retted  hydrogen  -  -  -  Se  H 

Nitrous  add  -  -  -  -  A  0, 0 

PMchloride  of  dn  -  -  -  -  Ch  Tn,  Ch 

Perehioride  of  titanium  -  -  -  ChTt,Ch 

Chloride  of  nilidum  -  -  -  Ch  Si,  Ch 

PlnnrM.  nf  njkium  .  -  -  FSl.F 

taaet  and  Vapoari  of  ichkh  two  volanies  correspond  uiU  one  atom. 


ide         -  -  -  -         AO.A 

ride       -  -  -  -         CO 

oid         -  -  -  -         C0,0 

ofrhlorine        .  -  -         ChO,0' 

■Bho      -  -  -  -         CH,H,H,H 

a  -  -  -  -         CH,H,H,HjC 

HO;  CH,Hi  C,H,H,H 

of  carLion  -  -  -  C  S,  S,  S,  S 

cid  -  -  -  -  Ch,H 

I  add     -  -  -  -         IH 

lane  add  -  -  -         CA,H 

AH,H,H 

M*dhvdn^en    -  -  -         PhH.H.H  ?  (Duim.) 

tedhvdmwn     -  -  -         AsH.H.H      f  Do.  ) 

idf  ofphoBpliorua         -  -         Ch.l'h.Ch.Ch 

ideofarsenic     -  -  -  ChAs,Cb,Clk 

f  boron   -  -  -  -  ChB,Ch,Ch 

'  cvnnogf  n         .  .  -         Ch,  C  A 

fiirbonicoiide-  -  -         Ch,  CO;  Ch 

folefisiitgM     -  -  -         Ch(CH,H,H.H;  C;)Ch 

(umand  Vapoart  of  ichioh  fwr  volumes  aorreipond  Kttk  ma  atom. 

ttodhrdrop.j,.(si>on.|p^„  ptn.H;  PhH,H,H?    (Dana*) 


Ojadet  of  Lead, 


uo,u 

LdO.Ui  LdO 
LdO,Ld;  LdO;  UO 

TnO 

TnO,Tn 

TtO 


SO.O;H 

AO.O,0;H 

ChrO,0:H 


Qnlic  acid  «  -  -  - 

Fonnic  acid  -  -  -  - 

Sncdxuc  acid  -  -  -  - 

Acetic  acid  -  -  -  -  - 

Tutaiic  acid  -  -  -  - 

Snlpharet  of  sodiam  ... 

Solphoxtt  of  potasdmn     -  >  . 

Snlphiiret  of  ammoniacam  -  * 

Solphnret  of  faariiun         ... 

{The  above  sdpkureU  are  soluble . 

Solphnret  of  antimonj  -  -  - 
Sulphurefc  of  copper  ... 
Solphoret  of  copper,  with  copper  - 

Solphnret  of  iron  -           -           -  - 
Bbulphoret  of  lead  (pyrites) 
Sdphnret  of  lead  (galena) 
Solphnret  of  lead,  with  lead 

Ciiuiabar    -           -          -          -  - 

Ethiop's  mineral  -  -  -  - 
Solphnret  of  tin     .--... 

Motaicgold           -          -          -  - 

TiDc  blende           -          -          -  - 

Griper  pyrites      -          -          -  - 

Chloride  of  sodinm  ... 

Chloride  of  potaasinm        .  .  - 

Sal  ammoniac  .... 
Chloride  of  barinm  ... 

Chloride  of  copper  -  -  -        ,  - 

Chloride  of  copper,  with  copper    - 
Chloride  of  gold     -       *  - 
Protochloride  of  iron        ... 
Perc^iloride  of  iron  ... 

Chloride  of  lead     -  -  .  - 

CorrodTe  anUimate  ... 

Calomel      -  -  .  -  - 

I^tocfaloride  of  tin 
Perchioride  of  tin  - 

Chloride  of  zinc  .... 
Sol]^te  of  soda    .  -  -  > 

Satphate  of  potash  ... 

Solphate  of  ammonia        ... 

Solf^te  of  lead    .  .  -  - 

Salphateof  barytes  .  .  ^ 

Sulphate  of  lime  (alabaster) 

Sulphate  of  copper  ... 

Snlpiiate  of  manganese  .  .  - 

Sulphate  of  iron     -  -  -  - 

Solpbate  of  zinc    .  -  .  - 

Sulphate  of  magnesia  ... 

Sulphate  of  mercary  ... 

IXo.  with  mercnry  -  -  - 

Bisnlphate  of  tin  - 

Persolphate  of  iron  .  -  - 

Fevsnlphate  of  manganese  -  -  - 

SolplisSte  of  chrome  -  .  - 

Solpiiate  of  alnmina         ... 


siox. 

CO.O ;  H 

H,CO,0;H 

CH,H;CO,0;H 

CH,H,H ;  00,0 ;  H 

CH,H;CO,0,0;H? 

SSo 
SP 
SAm 
SBa 

ihefoUoumg  are  insoluble.) 

SAn 

SCp 

SCp,Cp 

Sir 

SIr,S 

SLd 

SLd,Ld 

SMr 

SMr,Mr 

STn 

STn,S 

SZn 

SCp,SIr 

ChSo 

ChP 

ChAm 

ChBa+      W  =  53+9 

ChCp+lJW  =  34+13i 

ChCp,Cp 

ChG 

Chir 

ChIr;ChIr,Ch 

ChLd 

ChMr 

ChMr,Mr 

ChTnH-2W  =  47  +  18 

ChTn,Ch 

ChZn 

SO,0;So+5W  =  36+45 

SO,0;P 

SO,0;Am 

SO,0;M 

S0,0;Ba 

SO,0;Ca  +      W  =  34+9 

SO,0;Cp  -|.24  W  =  40+22A 

S0,0;Mn+2j  W  =  38+22} 

SO,0;Ir  +3    W  =  38+27 

SO,0;Zn  +3*  W  =  40 +  31 A 

SO,0;Mg+3|  W  =30  +  31} 

S0,0;Mr 

SO,0;Mr,Mr 

S0,0;Tn:  S0,0 
SO,0;Ir:  SO,0;Ir;  S0,0 
SO,0}Mn:  SO,0;Mn;  80,0 
SO,0;Chr:  SO,0;Chr;  80,0 
SO,OjAl:  SO,0;AI;  80,0 


22 

23 

29} 

30 

37 

20 
28 
17 
43 


O',0,0;  Ir  +  34  W  =  45  +  3J 
0,0,0;  (^  +  sj  W  =  47  +  Bl 


SO,0-,AI;SO,0;Ali  S0,0  +  12  W  =  44  +  88  +  108  =  238 
AO.O  Oi  Ld  83 

A0,0,0;  Ba  66 

A0,0,(^  Sr      '    "■      —  ■   •" 
A0,0.0;  Ir 

A0,0,0;  Cp 

A0,0,O,  P 
A0,0,0-,  i 
A0,0,0;  S 
A0,0,0;  S 


C0,0;  Am 

CO.O;  C. 

CH,H,H;CO,0:  Id  +  IJ  W  =  814  +  13i= 

CH,H,HiCO,0-,  So  +  3   W  =  414  +  27   s 

CH,H,H;CO,0;  C»  +  3   W  =  394  +  27  = 

CH,H,HiCO,0;  Cp  +  i   W  =  45j+   4j= 

CH.H;C0,0,0-,  P 

Examplo  of  Acid  Salli, 
m         8H,  SP 

SO,0;H:  SO,0;P 
ChrO,0;H:ChrO,0;P? 
CH,H;CO,0,0;  H:  CH.HiCO.O.O,  P 


Exampla  of  Sub-tatti. 


Exanqilt*  of  Doable  Salt*. 

munuis    SO.OiP;  SO,0;Mg  +  3    W  =  74  +  27  = 

line  S0,O;P:  SO.OjZn  +  3    W  =  84  +  27  = 

Lim  -  CA,lnCA,P:  CA,P  +  1 J  W  =  93  +  13i  = 

cn,0;  Ld  o.id 

C0,0;  Bs  0,Ba 
C0,0;  Sr  0,Sr 
C0,0;Cft0,C« 
C0,0;  MgO,Mg 
CO.O;  Ir  0,lr 
1     -         C0,0;  MoCMn 

CO.O;  Zn  0,Zn 

CO,0:SoO,So+  10W  =  <5  +  90  i 

CO.Oi  So  0,So  +    7  W  =  54  +  83 
C0,0:  So  0,So  +      W  =  54  +   9  : 

C0,O,  PO,P  +   aw  =  70 +  18 
C0,0-,  AmO;  Am 


C0,0j  HO,H;  C0,O;PO,P 


t.  BHTLi.  k  taa,  pnniTEM. 
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DISPROOF  OF  OEBHABDT's  CLAIMS.  9 

The  theories  indicated  by  these  fbrmulffi  were  fully  developed  in  Dr. 
Clark's  lectures.  I  heard  some  of  those  lectures  delivered ;  I  had  at  the 
period  referred  to,  frequent  discussions  with  Dr.  Clark  on  these  subjects ; 
it  is  easy  to  prove  the  genuineness  of  the  printed  tables,  because  the 
printer's  name  is  attached ;  and  the  proof  is  therefore  conclusive,  that 
some  of  the  fundamental  theories,  which  Mr.  Gerhardt  claims  to  have 
first  published  in  1842,  were  publicly  taught  by  Dr.  Clark  to  the 
mechanics  of  Glasgow  sixteen  years  previously. 

All  these  theories  were  minutely  described  in  my  publication  of  1834, 
with  many  additions  that  had  occurred  to  me  during  several  years'  con- 
aderation  of  the  subject.  That  book  attracted  the  special  notice  of 
another  French  chemist — M.  Dumas,  who,  in  a  course  of  lectures  de- 
fivered  in  Paris  in  1837,^  treated  it  with  frequent  and  unsparing  ridicule. 
Five  years  aflerwards,  Mr.  Gerhardt  discovered  the  theories  of  which  my 
book,  thus  publicly  condemned  in  Paris,  contained  the  full  development. 

I  shall  quote  two  or  three  passages  from  that  book  to  show  the  won- 
derful coincidence  between  Mr.  Gerhardt's  theories  of  1842  and  mine  of 
1834. 

Ivrst  exampUy  respecting  the  Hydrate  of  Potash.  This  compound  is 
not  contained  in  Dr.  Clark's  Tables.  Mr.  Gerhardt's  formula  for  it  is 
KHO,  and  he  states  it  to  be  one  of  the  strong  points  of  his  theory,  that 
t&0  hydrated  protoxides  contain  no  wcUer.  Upon  that  fundamental  idea  is 
Ibouded  die  modem  method  of  representing  the  composition  of  salts  in 
reference  to  the  composition  of  water,  taken  as  a  model.  The  three 
fcnnulse — 

Hq         K  q  K  q 

H^         K^  h'^ 

contain  tiie  essence  of  this  system.  Mr.  Gerhardt  declares  that  he 
oiiginated  that  theory  in  1842 ;  but  here  is  my  account  of  it,  published 
e^t  years  previously : — 

I  quote  fit>m  Chemioal  Recreations : — 

"  The  hydrate  of  a  metallic  protoxide  contains  one  atom  of  oxygen, 
Qoe  atom  of  hydrogen,  and  one  atom  of  metal. 

"  Every  chemist  but  myself  assumes  the  hydrates  of  metallic 
protoxides  to  consist  of  metallic  protoxides  combined  with  water.  They 
make  this  assumption  even  in  cases  where  the  hydrates  have  been 
exposed,  under  common  atmospheric  pressure,  to  a  red  Jieat,  without 
snfiering  decomposition  or  giving  off  a  particle  of  steam.  .  .  .  But  my 
opuiioD  is,  that  the  hydrates  of  the  metallic  protoxides  contain  neither 
protoxides  nor  water,  but  are  constituted  of  one  atom  each  of  metal, 
oxygen,  and  hydrogen.  This  is  the  ultimate  constitution — what  the 
proximate  constitution  is,  I  cannot  tell.    It  may  be  KH+0,  or  KO+H, 

*  Legons  sur  la  PkQosophie  Chimique,  8vo.  Paris,  1837. 
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or  K+HO ;  we  have  no  means  of  determining  wkich.     I  rest  upon  the 
ultimate  constitution." ' 

What  I  meant  by  the  difference  between  the  proximate  and  ulti- 
mate constitution  of  a  compound,  is  explained  in  the  following  quo- 
tation : — " 

"  I  have  denounced  the  doctrine  of  proximate  constitution  as  the  ever- 
flowing  source  of  chemical  blmiders,  whilst  in  treating  of  the  limits  of 
combination,  and  in  the  discrimination  of  positive  and  negative  sub- 
stances, I  have  admitted  the  doctrine  in  its  substantial  features.  Permit 
me  to  reconcile  these  apparent  contradictions. 

"  According  to  my  theoretical  notions,  every  compound  is  formed  of 
a  positive  substance  and  a  negative  substance,  each  of  which  may  be  either 
an  element  or  a  compound.  Thus  the  compound  AB  contains  the  posi- 
tive element  A  and  tiie  negative  element  B.  The  compound  AAB  con- 
tains the  positive  element  A  and  the  comparatively  negative  compound 
AB.  The  compound  ABB  contains  the  comparatively  positive  com- 
pound AB  and  the  negative  element  B.  Yet  this  is  all  matter  of  theory 
and  opinion,  for  I  am  unable  to  prove  that  the  compound  AAB  is  not 
formed  by  the  direct  combination  of  AA  with  B,  and  the  compound 
ABB  by  the  direct  combination  of  A  with  BB.  The  latter  is  the  pre- 
vailing theory — ^the  theory  of  Dalton  ;  and  though  I  disbeheve  it,  and 
consider  it  utterly  incotisistent  with  the  facts  of  chemistry,  it  may  be 
true.  But  even  admitting  its  truth,  the  light  it  throws  on  chemical 
composition  is  a  feeble  one ;  for  what  does  it  discover  when  brought  to 
bear  upon  the  compound  ABC  ?  Does  this  compound  arise  from  the 
simultaneous  combination  of  the  three  elements,  or  does  AB  combine 
with  C,  or  AC  with  B,  or  A  with  BC  ?  And  in  the  case  of  the  com- 
pound ABCC— is  this  constituted  of  A-|-BCC,  or  AB-fCC,  or  ABC+C, 
or  AC-t-BC,  or  AAC+BBCCC?— These  are  cases  of  perplexity,  in  the 
disentanglement  of  which  the  atomic  theory  is  of  no  service.  It  boots 
not  that  we  know  how  many  elementary  atoms  of  A,B,  and  C  are  contained 
in  a  given  compound.  These  are  but  the  idtimate  constituents;  and 
what  we  want  to  know  is,  how  these  are  combined  together  into  proxi- 
mate constituents. 

•*  This  is  a  problem  for  future  times  to  solve,  and  it  is  a  problem  of 
that  importance  that  we  are  not  warranted  in  assuming  its  solution, 
merely  for  the  purpose  of  grounding  a  nomenclature  and  a  system  of 
arrangement  upon  the  assumed  solution.  Yet  this  is  done  in  the  anti- 
phlogistic nomenclature  and  theory.  It  is  assumed  that  sulphate  of 
harytes  contains  harytes  and  sulphuric  add^  that  nitrate  of  potash  ccmtains 
potash  and  nitnc  acid,  that  caustic  soda  contains  protoxide  of  sodium  and 
xcater; — and  these  assumptions  form  the  groundwork  of  the  French 

'  Griffin,  J.  J.,  Chemical  lUcreations,  7th  edit.  1834,  page  229. 
'  Ibid,  page  242. 
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theoiy  and  nomenclature-the  groundwork  of  the  theory  adopteSl^y^ 
gifted  Berzelius,  who  has  spent  twenty  years  in  vain  attempts  to  esta- 
blish it.  The  root  of  the  system  of  this  chemist  is,  that  in  the  sulphate 
of  lead  the  oxygen  is  so  divided  between  the  sulphur  and  the  lead,  that 
the  portion  combined  with  the  former  bears  to  the  portion  combined 
with  the  latter  the  ratio  of  3  to  i.  I  hesitate  not  to  say  that  this  is  an 
assumption  incapable  of  proof, 

^  Let  us  examine  the  formation  of  sulphate  of  lead  with  a  view  to 
discover  its  proximate  constituents :— ' 

0.  When  4  parts  of  sulphur  are  converted  into  sulphuric  acid  by 
digestion  with  nitric  acid,  and  the  solution  is  precipitated  by  a  solution 
of  lead,  the  resulting  sulphate  of  lead  weighs  38,  contaming  26  of  lead, 
and  consequently  8  of  oxygen. 

h.  When  26  parts  of  lead  are  dissolved  in  nitric  acid,  and  the  solution 
is  precipitated  by  sulphuric  acid,  or  by  the  solution  of  a  sulphate,  the 
renting  sulphate  of  lead  weighs  38,  containing  4  of  sulphur,  and  8  of 
oxygen. 

c.  When  30  parts  of  sulphuret  of  lead,  containing  lead  26  and  sul- 
phur 4,  are  converted  by  oxidation  into  sulphate  of  lead,  the  weight  of 
the  product  is  38,  including  8  of  oxygen. 

d.  When  35  parts  of  chloride  of  lead,  which  contain  chlorine  9  and 
lead  26,  are  precipitated  by  sulphuric  acid,  the  resulting  sulphate  of  lead 
weghs  ^8,  and  contains  4  of  sulphur  and  8  of  oxygen. 

e.  Wnen  30  parts  of  brown  oxide  of  lead,  which  contains  lead  26, 
oxYgen  4,  are  exposed  to  an  atmosphere  of  sulphurous  acid  gas,  they 
absorb  8  parts  of  that  acid,  equal  to  oxygen  4  and  sulphur  4,  and  pro- 
dace  38  parts  of  sulphate  of  lead. 

**  The  information  afforded  by  the  above  experiments  is,  that  sulphate 
of  lead  Is  composed  of — 

Lead 26 

Sulphur 4 

Oxygen 8 

38 

But  none  of  these  experiments  afford  the  least  insight  into  the  manner 
in  which  these  dements  are  combined  together.     The  assumption  that 
one-fourth  of  the  oxygen  is  combined  with  the  lead  and  three-fourths 
with  the  sulphur,  is  perfectly  gratuitous. 
"  The  most  direct  of  the  whole  five  experiments,  «,  is  in  fevour  of  the 

^  In  one  of  Mr.  Gerhardt's  publications  (his  *'  Litroduction  to  the 
Study  of  Unitary  Chemistry  ")  he  follows  precisely  this  line  of  argu- 
ment, with  the  single  difference  of  using  sulphate  of  barytes,  instead  of 
sulphate  of  lead,  as  his  illustration* 


10  0'  THE  IfATUBE  OF  HVSRATED  ACWB. 

that  sulphate  of  lead  is  PbO+SO,  a  coDciusion  very  ( 
that  which  Bbrzeuus  comes  to,  but  which  agrees  precise 
my  opinion  that  26  parts  of  lead  is  the  quantity  which  is  equiv 
combination  to  a  volume  of  hydrogen, 

"  It  is  very  well  to  admit  the  doctrlDe  of  proxinu 
theoiy,  becanse  it  is  osefiil  in  explaining  a  variety  of  p! 
chemical  combinations,  electrical  decompositions,  an 
when  we  come  to  arrange  the  products  of  chemistry  into  a  sys 
to  give  them  systematic  names,  the  only  safe  way  to  view  tl" 
relation  to  their  ultimate  constitution.     It  is  only  by  founding 
clature  upon  this  basis,  that  we  can  hope  to  avoid  the  petpl^tit 
arise  from  the  guess-viork  of  the  projimatists. 

"  But,  it  may  be  said,  in  rejectiag  proximate  constitution,  and  staling 
only  the  ultimate  constitution  of  compounds,  you  give  fiilse  notions  of 
secondary  compounds,  the  properties  of  which  depend  upon  the  nature 
of  their  proximate  constituent.  Thus,  sulphate  of  barytea  derives  its 
properties  from  the  sulphuric  acid  and  barytcs  which  compose  it. 

"  I  reply.  No! — Sulphate  of  barytes  derives  its  properties  from  the 
barium,  sulphur,  and  oxygen  which  compo:^  it,  just  as  sulphuric  acid 
and  barytes,  considered  as  distinct  compounds,  derive  their  properties 
from  the  same  ultimate  elements.  In  short,  viewed  in  any  light,  it  is 
the  ultimate  elements  which  determue  the  character  of  the  componnds. 
There  is  a  lashion,  but  no  utility,  in  assuming  proximate  constitution,  as 
the  basis  of  a  systematic  nomenclature." 

Second  Example.  Mr.  Gerhardt  states  that  he  was  the  first  to  Aeay, 
that  the  hydrated  adds  contained  the  elements  of  water.  In  that,  how- 
ever, he  is  mistaken.  Dr.  Clark's  Tables  prove  him  to  have  taught  that 
doctrine  sixteen  years  previously,  and  I  will  now  quote  from  my  Paper 
<tf  i8j4a  full  development  of  the  theory  which  considers  hydrated  acids 
as  salts  of  hydrogen. 

[In  making  this  quotation  I  have  changwd  figures  that  represent 
weights  of  ultimate  elements  for  symbds  that  represent  atoms — the 
change  being  made  according  to  the  atomic  weights  given  in  another 
part  of  the  same  book.] 

"  The  following  Table  exhibits  the  constitution  of  a  variety  of  com- 
pounds in  which  hydrc^en  is  an  essraitial  constituent.  I  have  inserted  a 
few  compounds  which  contain  no  hydrogen,  for  the  purpose  of  contrast- 
ing their  ccmstitution  with  that  of  particular  hydrt^en  compounds  some- 
wliat  related  to  them  : — 
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H 

0 

^ 

Peroxide  of  Hydrogeiu 

H« 

0 

— 

Water. 

H 

- 

s 

Sulphuretted  Hydrogen  Gas. 

H 

— 

CI 

Muriatic  Acid  Gas. 

H 

o» 

CI 

Hydrate  of  Chloric  Acid. 

H 

o* 

N 

Nitric  Acid. 

o» 

N« 

Drv  Nitric  Acid  (chiinerical). 

o* 

N,K 

Nitrate  of  Potash. 

H 

o» 

N 

Hydrate  of  Hyponitrous  Acid. 

H 

o» 

S 

Sulphuric  Acid. 

o* 

S,K 

Sulphate  of  Potash. 

H 

O' 

C 

Effloresced  Oxalic  Add. 

H 

— 

C 

Bicarburet  of  Hydrogen. 

H* 

— 

C 

defiant  Gas. 

H* 

^ 

c 

Gas  of  Marshes. 

H 

^ 

C,N 

Pnissic  Acid. 

H» 

— 

N 

Ammonia  Gas. 

H* 

— 

N 

Ammonium  (imagmar}'). 

H* 

— 

N,a 

Sal  Ammoniac  (Chloride  of  Anunoniom.) 

H* 

o* 

N« 

Nitrate  of  Ammonia. 

H 

o 

K 

Caustic  Potash. 

H 

o 

Ca 

Hydrate  of  Lime  (Slaked  Lime). 

o 

Ca« 

Anhydrous  Lime  (Quick  Lime). 

H 

o 

Si 

Hydrate  of  Silica. 

o 

Si* 

Silica. 

"  I  b^  to  call  the  student's  particular  attention  to  this  Table,  and  to 
tie  ibUowing  two  memoranda : — 

"  L  The  diflerence  between  an  acid  (namely,  a  hydrated  acid,  and  a 
14LT,  is  this : — ^The  former  contains  one  combining  proportion  of  hy- 
drogen^  where  the  latter,  instead  of  tliis  hydrogen,  contains  exactly  one 
combining  proportion  of  a  metals  aU  other  constituents^  both  of  the  acid 
nd  salt,  remaining  the  same : — 

Examples : — 

S,0«,H  =  Sulphuric  Acid. 
S  ,0  •,  K  =  Sulphate  of  Potash. 

N,0»,H  =  Nitric  Acid. 
N,0»,K  =  Nitrate  of  Potash. 

C,0«,H  =  Oxalic  Acid 

C  ,0  ■,  K  =  Oxalate  of  Potash* 
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CI,     ,  H  =  Muriatic  Acid. 
CI,     ,K  =  Muriate  of  Potash. 

a,0 »,  H  =  Chloric  Acid. 
G,0',K  =  Chlorate  of  Potash, 

Numberless  illustrations  of  this  sort  could  be  given,  but  these  suffice  to 
confirm  the  above  proposition,  viz.,  that  the  hydrated  adds  are  simply 
salts  of  hydrogen.  The  reason  why  I  wish  to  direct  the  student's  atten- 
tion to  this  subject  is,  that  in  every  chemical  book  which  falls  into  his 
hand,  he  will  find  the  absurd  proposition  gravely  inculcated,  that  the 
saUs  CONTAIN  acids ;  that,  for  example — 

Sulphate  of  potash  contains  sulphuric  acid, 
Nitrate    of  potash  contains  nitric  acid. 
Oxalate    of  potash  contains  oxalic  acid. 
Muriate    of  potash  contains  muriatic  acid, 
Chlorate  of  potash  contains  chloric  acid ; 

all  of  which  assertions  are  destitute  of  the  smallest  foundation  in  truth, 
and  are,  indeed,  self-evident  impossibilities.  In  fiict,  it  would  be  quite 
as  correct  to  say,  that  sulphuric  acid  contains  sulphate  of  potash,  as  to 
say  that  sulphate  of  potash  contains  sulphuric  acid.  The  truth  is,  that 
they  are  two  distinct  compounds,  each  of  which  contains  the  same 
number  of  constituent  atoms,  but  neither  of  which  does,  or  can,  form 
part  of  the  other. 

*'  n.  Secondly,  the  difference  between  a  hydrate  of  a  protoxide  of  a 
metal  (such  as  slaked  lime)  and  an  anhydrous  protoxide  of  a  metal  (such 
as  quicklime)  is  this : — The  former  contains  a  combining  proportion  of 
hydrogen  where  the  latter  contains  a  combining  proportion  of  a  metal. 
The  difference  between  a  hydrated  protoxide  and  an  anhydrous  protoxide 
is,  therefore,  the  same  as  the  difference  between  an  acid  and  a  salt.  In 
both  cases,  one  of  the  compounds  contains  a  combining  proportion  of 
hydrogen,  which  is  replaced  in  the  other  by  a  combining  proportion  of  a 
metal. 

Example  : — 

Ca,H,0 Hydrate  of  lime. 

Ca,Ca,0      ....     Anhydrous  lime. 

^*  This  is  the  case  with  all  the  metallic  protoxides.  It  is  needless  to 
incumber  the  reasoning  with  illustrations. 

"  These  hydrates  of  protoxides  contain  no  water,  for  they  contain  but 
one  proportion  of  hydrogen,  whereas  water  contains  two  proportions. 
Yet  they  give  off  water  when  exposed  to  heat,  and  they  produce  nothing 
else  than  anhydrous  protoxides.  There  is  no  difficulty  in  ascertaining 
how  this  effect  is  produced,  or  in  showing  the  source  of  the  constituents 
from  which  the  water  \a  produced  by  this  experiment : — 
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Two  proportions  of  Hydrate  of 
Lime. 

What  they  produce  by  expo- 
sure to  heat 

CaHO 

CaCaO 

CaHO 

HHO 

The  greater  part  of  the  numerous  acids  and  salts  which  contain 
rgen  as  a  constituent,  appear  to  fall  within  the  limits  of  the  following 
in  which  M  signifies  the  meted  or  hydrogen  (i.  e.  the  electro- 
itive  constituent),  R  the  radical  of  the  salt,  and  O  the  oxygen ;  the 
denoting  ihe  number  of  atoms  present  of  the  element  after  which 
llhey  stand : — 


Class  I.  M»R»0*. 


>» 


11.  WR'QF. 


„  m.  M»R'CP. 
„  IV.  M»R»0*. 


»9 


jy 


V.  M«R»0". 


VI.  M'R«0». 


„Vn.  M'R'O'. 


Silicates.  Many  of  the  salts  in  which  both  M 
and  R  are  metals.     Hyposulphites. 

Sulphates.  Oxalates.  Chlorites.  Hyponitrites 
(Nitrites).     Manganesates.     Seleniates. 

Nitrates.     Chlorates.    lodates.     Bromates. 

Perchlorates. 

These  are  a  species  of  basic  salts  of  Class  2, 
namely, — MO  -f  RO  -|-  MO.     Carbonates. 

These  are  a  species  of  acid  salts  of  Class  2, 
namely,  MO  -f-  RO  +  RO.  Many  metallic 
salts.    Hyposulphates. 

Sulphites.     Selenites. 


"  The  SUPER-  or  Nrsdlts  commonly  contain  an  atom  of  a  metallic  salt 

an  atom  of  a  hydrogen  salt    Thus,  bisulphate  of  potash  contains  an 

>m  of  sulphate  of  potash,  and  an  atom  of  oil  of  vitriol ;  binoxalate  of 

contains  an  atom  of  oxalic  acid,  and  an  atom  of  oxalate  of  soda. 
*'  I  think  that  the  word  acid,  taken  as  a  substantive  name,  ought  to 
disused  in  chemistry.     It  has  done  mischief.     It  ought  to  be  em- 
)yed  only  as  denoting  a  quality."* 

Such  is  the  theory  of  acids  and  salts,  as  advocated  by  me  in  1834. 

''ith   what  justice  can   M.  Gerhardt  proclaim,   that  the  first  and 

itiest  points  of  this  theory  were  originally  demonstrated  by  him  in 

[842? 

I  have  yet  another  claim  to  examine.    ''  Who  was  it,"  asks  M.  Ger- 

It,  "  tiat  devised  the  method  of  wrrting^  which  is  employed  by 

''illiamson  and  the  other  English  chemists  to  exhibit  the  differences  of 

methods  of  combination  ?" 
Now  there  are  t\DO  "  methods  of  writing  "  to  be  noticed  in  M.  Ger- 
hardt's  publications.     The  first   consists  in   writing   the   formulae  of 


'  Griffix,  J.  J.,  Chemical  JRecreationSj  7th  edit.,  1834,  pp.  92-6. 
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chemical  compounds  in  a  ternary  form,  as  if  the  symbols  were  placed  at 
the  three  angles  of  a  triangle,  j^  O. 

The  other  method  of  writing  consists  in  constracting  formula  in  the 
manner  which  Gerhardt  and  Laurent  term  unitary  formulce.  These 
formulae  are  framed  in  accordance  with  the  following  hypotheses: — 
namely,  that  salts  do  not  consist  of  acids  and  bases;  that  we  kno^y^ 
nothing  of  the  prozunate  constitution  of  salts ;  that  it  is  impossible  to 
determine  in  what  manner  ihe  atoms  of  the  ultimate  elements  of  salts  are 
grouped  together ;  that,  consequently,  the  construction  of  dualistic  for- 
mulae, which  affect  to  explain  the  constitution  of  salts,  is  unwarranted ; 
and,  finally,  that  the  symbols  composing  each  formula  should  be  made 
to  represent  only  a  single  molecule. 

Here  then  we  have  two  decidedly  different  methods  of  writing.  We 
have  the  unitan/  system,  founded  upon  the  know-nothing  principle,  and 
we  have  the  ternary  system,  founded  upon  that  perfect  knowledge  of 
proximate  constitution,  which  enables  the  chemist  unerringly  to  divide 
the  components  of  every  salt  into  three  distinct  portions,  upon  the  model 
of  water. 

I  am  not  quite  certain  which  of  these  two  "  methods  of  writing  "  it  is 
that  M.  Gerhardt  claims  to  have  invented;  but,  if  I  may  judge  firom 
the  formulae  commonly  employed  by  Professor  Williamson,  I  must  con- 
clude that  it  is  the  triangular  system  to  which  he  refers.  The  inventioD 
of  that  kind  of  formula  may,  for  aught  I  know,  be  due  to  M.  Gerhardt. 
It  certainly  does  not  belong  to  me ;  and,  for  reasons  that  I  shall  hereafter 
state,  I  disapprove  of  it 

But  the  ternary  formulae  are  only  of  recent  invention.  The  formule 
that  M.  Gerhardt  used  for  years  previously,  and  which  he  strongly  re- 
commended in  his  Journal,  are  the  unitary  JbrmukB,  in  the  constructien 
of  which  he  recommends  especial  care  to  be  taken,  to  give  no  indication 
of  the  proximate  constitution  of  the  compounds  which  the  formulae  are 
meant  to  represent. 

In  expressing  an  opinion  adverse  to  such  unitary  formulae,  I  no  doubt 
agree  with  the  general  body  of  chemists ;  but  treating  the  question,  as  I 
do  now,  historically,  truth  obliges  me  to  admit,  that,  for  their  introdac- 
tion  to  chemists,  it  is  not  M.  Gerhardt,  but  I  that  am  responsible.  The 
evidence  of  this  fact  is  contained  in  the  extract  fix)m  my  Romance  of 
Chemistry,  which  I  have  quoted  at  page  lo.  In  that  article  I  dis- 
cussed the  question  of  proximate  and  ultimate  constitution,  and  af);er 
showing  that  the  theory  which  assumes  that  salts  consist  of  acids  and 
bases,  is  one  that  does  not  admit  of  proof,  I  recommended  that  the  for- 
mulae of  compounds  should  in  all  cases  be  made  to  represent  only  their 
ultimate  elements.  I  added,  indeed,  that  such  formulae  should  be  written 
in  a  systematic  manner  (and  not  designedly  hap-hazard  as  Mr.  Laurent 
advises),  but  still  I  recommended  the  formulae  to  be  so  written  as  to  express 
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no  theory  of  the  proximate  constitution  of  the  compounds ;  and  in  order 
to  show  that  the  system  thus  recommended  was  quite  practical,  I  pre- 
sented in  ChermccH  Recreations  a  series  of  tables  of  unitary  formulse,  re- 
presenting nearly  8cx)  of  the  then  best  known  compounds  of  inorganic 
ckemistri/y  to  which  department  of  chemistry  alone,  did  I  apply  the 
unitary  system.  That  was  in  the  year  1834.  Reconsidering  the  matter 
in  1 856,  and  including  in  the  reconsideration  what  is  now  known  of  the 
nature  and  constitution  of  the  hydrocarbons  and  other  compound 
radicals,  I  am  of  opinion  that  unitary  formulse  are  equally  inappHcable  to 
organic  and  to  inorganic  compounds.  We  now  possess,  thanks  to  the 
disoDveries  made  in  organic  chemistry,  many  of  them  due  to  Gerhardt, 
much  positive  knowledge  of  the  proximate  constitution  of  chemical  com- 
pocmds,  and  this  knowledge  the  use  of  unitary  formulae  would  hide  or 
mystify.  A  mere  glance  at  GmeHn's  account  of  Isomerism,  Polymerism, 
and  Metamerism,^  affords  conclusive  evidence  of  the  worthlessness  of 
unitary  formulse  in  organic  chemistry,  since  the  cases  are  numerous  in 
which  a  single  unitary  formula  would  indicate  two,  three,  or  four  dif- 
lerent  organic  compounds.  Thus,  the  formula  C*H**0'  would  repre- 
sfinfc""""* 

Butyrate  of  ethyl  .     .     .     CH^.C^IFO". 

Formiate  of  amyl  .     .     .     C*H",CHO*. 

Valerate  of  methyl     .     .     CH^.C^H^O". 

Hydrated  caproic  acid     .     H,CH"0». 

In  this  case,  eight  w^ell-known  radicals  possessed  of  highly-characteristic 
properties  would  be  smothered  by  the  unitary  formula,  CH"0*.  Whole 
pages  of  similar  difficulties  could  be  quoted ;  but  it  is  needless  to  quote 
them,  when  a  single  example  extinguishes  all  faith  in  the  precision  and 
perspicuity  of  that  "  method  of  writing,"  which  is  called  unitary. 

These  particulars  constitute  my  reply  to  Mr.  Gerhardt's  cliallenge. 

He  asked,  who  first  published  the  unitary  theory  of  hydration  ?  I 
reply,  that  the  unitary  theory  of  hydrated  Adds  was  first  published  by 
Dr.  Clark,  and  that  of  hydrated  Bases  by  me.  Mr.  Gerhardt  took  up 
these  theories  when  they  were  neglected  or  decried  by  other  chemists, 
and,  in  conjunction  with  Laurent,  applied  them  to  organic  chemistry, 
and  used  them  as  a  guide  to  numerous  and  brilliant  discoveries.  That 
£3  a  -real  merit,  which  I  esteem.  He  did  chemists  another  important 
aervice,  which  many  have  ridiculed  and  few  have  properly  appreciated. 
He  showed  how  they  could  get  rid  of  those  troublesome  hypothetical 
oompounds,  the  sesquioocides.  For  that  service  chemists  will  yet  thank 
him.  But  his  chaUenge  to  the  world,  to  disprove  his  daim  to  the 
invention  of  the  theories  of  hydration  tliat  I  have  cited  in  these  pages  is 
unjust  to  Dr.  Clark  and  to  me. 


'  Gmelin's  Handbook  of  Chemistry,  vii.  66. 
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The  Binary  Theory  of  Salts. 

I  have  already  mentioned  that  my  attack  on  Lavoisier's  theory  of  the 
salts  was  treated  by  M.  Dumas  with  ridicule ;  but,  notwithstanding  his 
expressed  contempt,  my  speculations  appear  to  have  roused  him  to  con- 
sider how  far  they  might  endanger  the  continued  acceptability  of  Lavoi- 
sier's theory.  He  describes  himself  to  have  been  actuated  by  the  ail- 
ments of  Davy  and  Dulong ;  but  these  chemists  had  published  their 
theories  twenty  years  before,  and  I  might  ask,  how  it  happened  that 
they  remained  without  reply  from  i8i6toi837?  Was  it  not  that  my 
paper  first  brought  the  subject  distinctly  into  pubUc  notice?  That  I 
may  not  be  charged  with  undue  presumption  in  claiming  the  credit  of 
having  first  drawn  attention  to  this  subject,  I  will  point  out  the  fact, 
that  none  of  the  following  systematic  works  contain  any  allusion  to  the 
binary  theory  of  the  salts  as  propounded  by  Davy  and  Dulong,  or 
express  any  doubt  of  the  absolute  perfection  of  the  theory  of  Lavoisier. 
Dumas,,  Traits  de  Chimie  appliqu^e  aux  arts.     Li6ge,  1 848.     Reprinted 

from  the  Paris  edition  of  about  1830. 
Tlienardf  Traits  de  Chimie  El^mentaire.     Paris,  1827. 
Gay-LussaCf  Cours  de  Chimie,  profess^  k  la  Faculte  des  Sciences,  com- 

prenant  Thistoire  des  sels,  la  Chimie  vtlg^tale  et  animale,     Paris, 

1833.     The  lectures  were  delivered  in  1828. 
Berzelius,  Lehrbuch  der  Chemie,  Ubersetzt  von  F.  Wohler.     Dresden, 

1831. 
Gmelin,  Handbuch  der  theoretischen  Chemie.     Frankfort,  1827. 
iSchuhaHh,  Elemente  der  technischen  Chemie.     Berlin,  1835. 
^ra/icfe,  Manual  of  Chemistry.     London,  1830. 
Henri/ J  Elements  of  Experimental  Chemistry.     London,  1829. 
Thomson,  System  of  Chemistry  of  Inorganic  Bodies.     London,  183 1. 

If  the  Binary  Theory  of  Salts  was  clearly  explained,  and  Lavoisier's 
theory  as  clearly  refiited  by  Davy  and  Dulong  in  181 5  and  1816,  how 
came  all  these  eminent  compilers  of  systems  to  take  no  notice  of  circum- 
stances so  remarkable  ? 

M.  Dumas  discussed  the  question  as  follows : — 

"  I  do  not,"  he  says,*  *'  undertake  to  demonstrate  that  the  system  of 
Lavoisier  on  the  constitution  of  the  salts  is  exact.  It  was  established 
on  a  principle  of  convenience.  It  is  not  based  upon  peremptory  proofe  ; 
but  I  wilhngly  undertake  to  show  that,  before  all  other  systems  that 
have  been  proposed,  there  rise  objections  of  still  greater  force  than  those 
wliich  rest  against  the  theory  of  Lavoisier. 

**  Let  us  commence  with  the  system  of  Davy,  to  the  support  of 

*  Dumas,  Le9ons  sur  la  Philosophic  Chimique.  8vo.  Paris,  1837, 
P-  337- 
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which  Dulong  has  lent  his  powerful  aid.  According  to  Lavoisier  there 
are  only  oxygen  acids.  Davy  said,  I  will  show  you  that  all  acids  are 
hydrogen  acids.  You  believe,  said  he,  that  the  compound  denoted  by 
SO^  is  an  acid.  In  that  belief  you  are  entirely  mistaken.  SO*  is  not 
an  add.  I  defy  you  to  show  me  the  characters  of  an  acid  in  that  com- 
pound. And  strange  to  say,  if  we  accepted  Da\^'s  challenge,  we 
should  be  powerless ;  for  it  is  really  impossible  to  prove  that  anhydrous 
sulp4iuric  add  is  an  add. 

*'  The  true  acid,  said  Davy,  is  the  ordinary  liquid  acid,  SO",  H*0. 
But  he  wrote  it  in  another  manner,  thus,  S0*4-H*,  You  will  readily 
conceive  that  this  add  in  contact  with  the  bases  ought  to  behave  like 
other  hydradds.  Its  hydrogen  would  form  water  with  the  oxygen  of 
the  base,  and  its  radical  SO^  would  combine  with  the  metal ;  so  that 
the  substance  that  we  call  sulphate  of  lead,  would  not  be  constituted  Hke 
SO»-f  PbO,  but  like  SO*+Pb. 

**  Dulong  supported  the  ideas  of  Davy  by  considerations  on  the 
oxalates  which,  on  Davy's  system,  would  result  from  tlie  combination  of 
carbonic  add  with  the  metals ;  a  view  which  gives  a  ready  explanation 
of  the  properties  of  the  oxalates. 

*'  It  is  difficult  to  attack  this  theory  of  Davy's.  It  appears  to  be 
so  well  founded.  It  is  so  rational.  It  so  greatly  simplifies  chemistry. 
It  leaves  us  none  but  hydradds.  All  saUne  compounds  are  brought  to 
one  formula,  or  rather  salts  are  abolished,  and  we  have  only  binaries ;  for 
the  bodies  regarded  as  salts  become  the  analogues  of  chloride  of  sodium. 

•'  We  are  tempted  to  adopt  this  theory,  or  at  least  to  remain  undecided 
between  it  and  the  theory  of  Lavoisier. 

''  Nevertheless,  reflection  shows  us  two  motives  that  repel  this  system ; 
modves  so  powerful,  that  to  me  they  appear  decisive. 

*'  The  first  objection  is,  that  it  is  necessary  to  admit  the  existence  of  a 
number  of  bodies  that  we  have  never  seen,  and  which  we  need  never 
expect  to  see — per-sulphuric  acid,  per-nitric  acid,  per-carbonic  acid,  &c. 
In  a  word,  every  oxadd  would  presume  the  existence  of  another  oom- 
poimd  containing  one  extra  proportion  of  oxygen.  Now,  I  declare,  that 
whenever  a  theory  requires  the  admission  of  unknown  bodies,  we  ought 
to  distrust  it.  We  ought  to  give  no  assent  to  it,  except  with  the 
greatest  reserve.  We  should  not  assent  until  it  is  impossible  to  abstain 
from  doing  so,  or  at  least  we  should  assent  only  in  presence  of  the  most 
pressing  analogies.  The  more  a  theory  gives  origin  to  imaginary  bodies, 
the  more  we  should  control  our  credence.  By  acting  otherwise,  we 
shodd  Ml  back  into  the  inconveniences  of  phlogiston ;  and,  in  this  case, 
we  shonld  not  have  merely  one  phlogiston  to  trouble  us,  we  should 
have  a  cloud  of  phlogistons.  The  unknown  compounds  would  be 
nearly  as  numerous  as  the  known  compounds ;  and  thence  would  arise 
a  ccmfbsion  and  embarrassment  for  science  to  which  we  ought  not  to 
resign  ourselves,  except  in  obedience  to  a  real  and  imperative  necessity. 

c2 
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"  There  is  another  reason  which  augments  the  improbability  of  these 
hypotheses.  Recently,  it  has  been  shown  that  phosphoric  add,  dissolved 
in  water,  can  assume  three  different  states,  in  each  of  which  it  manifests 
peculiar  properties.     In  hct,  it  forms  three  distinct  hydrates — 

Ph«0»,3lP0— Ph*0»,2lP0— .Ph«0*,H«0. 

The  first  of  these  hydrates  has  received  the  name  of  common  phosphoric 
acid ;  the  second,  of  pyrophosphoric  acid ;  and  the  third,  of  metaphos- 
phoric  acid.  These  three  acids  produce  three  different  sorts  of  salts,  in 
which  the  water  originally  combined  with  the  acids,  is  replaced  by  bases, 
atom  for  atom,  cither  partially  or  totally.  Moreover,  the  three  varieties 
of  acid  pass  readily  from  any  one  condition  into  the  others,  either  from 
loss  of  water  by  calcination,  or  firom  gain  of  water  by  prolonged  contact 
with  that  liquid.  There  consequently  exists,  on  the  one  hand,  incon- 
testable differences  among  them,  and  on  the  other  hand,  indications  of 
great  natural  resemblances.  The  simple  formulse  commonly  assigned  to 
these  acids,  exhibiting  differences  which  we  may  compare  to  those  that 
exist  between  alcohol  and  ether,  present  an  intelligible  account  of  their 
conmion  features  of  agreement.  But  if,  instead  of  considering  these 
compounds  as  hydrates  of  the  same  oxacid,  we  treat  them  as  different 
hydracids,  the  formula  become — 

Ph«0*,H«— Ph«0',H*— Ph«0-,IP. 

Here  we  percave  grave  changes  in  nature  for  bodies  that  pass  so  easily 
from  one  state  to  the  other.  We  admit  differences  in  composition  of  the 
first  importance  to  explain  differences  in  properties  of  very  secondary  im- 
portance.    The  effect  is  by  no  means  in  proportion  to  the  cause. 

'*  I  insist  upon  these  arguments,  because  I  can  find  no  others  to  oppose 
to  the  system  maintained  by  Davy  and  Dulong.  The  question  is  there- 
fore not  decided.  It  is  possible  that  this  tlieory  may  suddenly  rise 
triumphant,  supported  by  some  discovery  of  a  nature  to  give  it  new 
force.  But  at  present,  I  think  it  should  be  rejected,  because  of  that 
innumerable  multitude  of  imaginary  compounds  which  it  calls  into  exist- 
ence. If  I  could  see  only  a  part  of  these  compounds,  I  should  have  less 
reluctance  to  believe  in  the  existence  of  the  rest" 

In  this  passage  Dumas  ascribes  the  binary  theory  of  salts  to  Davy, 
into  whose  mouth  he  puts  a  speech,  which  would  doubtless  have 
astonished  the  Fellows  of  the  Royal  Society,  unused  as  they  are  to  thea- 
trical displays.  I  have  looked  in  vain  through  Davy's  work  to  find  the 
challenge  which  Dumas  ascribes  to  him.  Most  chemists  who  have  dis- 
cussed this  subject,  since  Dumas  published  the  remarks  which  I  have 
quoted,  refer  to  Davy  as  the  originator  of  the  binary  theory,  but  neither 
Graham,  nor  Kane,  nor  Miller,  quote,  or  even  refer  to,  the  terms  in 
which  Davy  set  forth  his  doctrine.  The  following  passages  are  the  most 
explicit  on  this  subject  that  I  can  find  in  Davy's  works. 
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^  It  appears  that  this  new  substance  [one  of  the  gaseous  compounds 
of  chlcnine  and  oxygen],  though  it  contains  four  proportions  of  oxygen, 
is  act  an  acid ;  and  hence  it  is  probable,  that  the  acid  fluid  compound 
of  oxygen,  chlorine,  and  water,  which  M.  Gay  Lussac  calls  chloric  acid, 
o^es  its  add  powers  to  combined  hydrogen,  and  that  it  is  analogous  to 
the  other  hyperoxymuriates  [chlorates],  which  are  triple  compounds  of 
inflammable  bases,  chlorine,  and  oxygen,  in  which  the  base  and  the 
chlorine  determine  the  character  of  the  compound.  Muriate  of  potassa 
is  a  perfectly  neutral  body ;  and  when  six  proportions  of  oxygen  are 
added  to  it,  it  still  remains  neutral.  Muriatic  acid  (chlorine  and  hy- 
drogen) is  a  strong  acid ;  and  according  to  the  relation  above  stated,  it 
oaght  not  to  lose  its  acid  powers  by  the  addition  of  six  proportions  of 
oxygen.  Till  a  pure  combination  of  chlorine  and  oxygen  is  obtamed, 
pod^ssed  of  add  properties,  we  have  no  right  to  say  that  chlorine  is 
capable  of  being  acidified  by  oxygen,  and  that  an  acid  compound  exists 
in  the  hyperoxymuriates.  We  biow  that  chlorine  is  capable  of  being 
CQQvated  into  an  acid  by  hydrogen,  and,  as  I  mentioned  in  my  last 
paper,  where  this  principle  exists,  its  energies  ought  not  to  be  over- 
looked; and  all  the  new  facts  confirm  an  opinion  which  I  have  more 
than  once  before  submitted  to  the  consideration  of  the  Sodety,  namely, 
that  acidity  does  not  depend  upon  any  peculiar  elementary  substance,  but 
Tspoa  peculiar  combinations  of  various  substances."  PhU.  Trans.y  read 
Ma5r4,  1815. 

"I  have  discovered  a  gaseous  combination  of  four  proportions  of 
oxygen,  and  one  of  chlorine,  which  has  no  acid  properties.  M.  Gay 
La^BW  has  discovered  a  compound  of  two  proportions  of  hydrogen,  one 
of  chlorine,  and  six  of  oxygen,  which  has  acid  properties ;  but  he  con- 
siders this  sut»tance  merely  as  chlorine  acidified  by  oxygen,  and  neglects 
the  hydrogen,  without  which,  however,  he  allows  it  cannot  exist.  He 
^apposes  that  this  add  of  one  proportion  of  chlorine  and  five  of  oxygen, 
exists  in  all  the  hyperoxymuriates,  but  he  does  not  support  his  suppo- 
sition by  any  proof.  The  hyperoxymuriates  are,  as  I  showed  six  years 
9^  composed  of  one  proportion  of  chlorine,  one  of  a  basis,  and  six  of 
oxygen.  Hydrogen,  in  M.  Gay  Lussac's  chloric  acid,  may  be  considered 
as  acting  the  part  of  a  base ;  and  it  is  an  important  circumstance  in  the 
\aw  of  definite  proportions,  that  when  one  metallic  or  inflammable  basis 
combines  with  certain  proportions  of  a  compound,  all  others  combine 
with  die  same  proportions. 

*^  M.  Gay  Lussac  states,  that  if  chloric  acid  be  not  admitted  as  a  pure 
combination  of  chlorine  and  oxygen,  neither  can  the  nitric  or  sulphuric 
acids  be  admitted  as  pure  combinations  of  oxygen.  This  is  perfectly 
obvioos.  An  acid  composed  of  five  proportions  of  oxygen  and  one  of 
nitrogen  is  altogether  hypothetical ;  and  it  is  a  simple  statement  of  facts 
to  flay  that  liquid  nitric  add  is  a  compound  of  two  proportions  of  hy- 
drc^en,  one  of  azote,  and  six  of  oxygen ;  and,  as  I  showed  long  ago,  the 
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only  difference  between  nitre  and  hypeToxymuriate  of  potash  is,  tliat  One 
contains  a  proportion  of  azote,  and  the  other  a  proportion  of  chlorine. 

'*  There  are  very  few  of  the  substances  which  have  always  been  con- 
sidered as  neutral  salts,  that  reallv  contain  the  acids  and  the  alkalies  from 
which  they  are  formed.  The  muriates  and  fluates  must  be  admitted  to 
contain  neither  acid  nor  alkaHne  bases.  Most  of  the  prussiates,  M.  Gay 
Lussac  has  lately  shown,  are  in  the  same  case.  Nitric  and  sulphuric 
acids  cannot  be  procured  from  nitrates  and  sulphates  without  the  inter- 
vention of  some  body  containing  hydrogen ;  and  if  nitrate  of  ammonia 
were  to  be  judged  of  from  the  results  of  its  decomposition,  it  must  be 
regarded  as  a  compound  of  water  and  nitrous  oxide. 

"  Only  those  acids  which  are  compounded  of  oxygen  and  inflammable 
bases  appear  to  enter  into  combination  with  the  fixed  alkalies  and  alka- 
line earths  without  alteration,  and  it  is  impossible  to  define  the  nature 
of  the  arrangement  of  the  elements  in  their  neutral  compounds.  The 
phosphate  and  carbonate  of  lime  have  much  less  the  character  attributed 
to  neutro-saUne  bodies  than  calcane  (muriate  of  lime),  and  yet  this  last 
body  is  not  known  to  contain  acid  or  alkaline  matter.  The  chloriodic 
acid,  the  phosganic  acid,  and  the  binary  acids  containing  hydrogen,  com- 
bine with  ammonia  without  decomposition,  but  they  appear  to  be  de- 
composed in  acting  upon  the  fixed  alkalies  or  alkaline  earths ;  and  yet 
the  solid  substances  they  form  have  all  the  characters  which  were  for- 
merly r^arded  as  peculiar  to  neutral  salts,  consisting  of  acids  and 
alkalies,  though  they  none  of  them  contain  the  acids,  and  only  the  two 
first  of  the  series  the  alkalies,  from  which  thev  are  formed. 

"  The  substitution  of  analogy  for  fact  is  the  bane  of  chemical  philo- 
sophy ;  the  l^itimate  use  of  analogy  is  to  connect  fkcts  together,  and  to 
guide  to  new  experiments." — On  the  Constitution  of  Acids.  Journal  of 
Science  and  the  Arts  (1816),  Vol.  I.  art  xviii. 

These  passages  show  tliat  Davy  disputed  the  doctrine  that  salts  con- 
sist of  acids  and  bases,  but  they  cannot  be  said  to  show,  that  he  formally 
and  explicitly  recommended  any  other  doctrine.  He  confines  himself 
to  statements  of  tlie  ultimate  composition  of  salts.  He  does  not  say,  as 
Dumas  and  his  later  commentators  make  him  say,  that  the  oxygen  of  a  salt 
is  aU  combined  with  the  acid  radical y  that  nitre  is  K+NO*,  and  that  chlorate 
of  potash  is  K-fClO.  What  he  says  is,  that  chlorate  of  potash  is 
CP-f-K^-f-O ,  that  nitre  is  N^+K^+O*,  that  liquid  nitric  acid  is  H*-f. 
N^-f-C^'  He  thus  makes  two  proportions  of  hydrogen  equivalent  to 
one  proportion  of  potassium.  He  says  also  that  the  chlorates  are  triple 
compounds,  not  that  they  are  binary  compounds  of  KH-CIO*.  It  is, 
however,  to  this  paper  of  Davy's,  on  the  Constitution  of  the  Acids,  that 
Gmelin*  refers,  as  containing  his  suggestion  of  the  binary  theory  of 
salts,  and  I  have  failed  to  find  any  more  explicit  statement  elsewhere  in 
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Davy's  works.  It  consequently  appears  to  me  that  Davy  had  no  specific 
theory  in  his  mind,  and  that  his  main  intention  was  to  dispute  the 
aocnracy  of  M.  Gay  Lussac*s  proposition,  that  chlorine  could  be  acidified 
by  oxygen ;  but  at  any  rate  his  views,  as  expressed  in  these  quotations, 
differ  essentially  firom  those  subsequently  published  by  Dr.  Clark  and 
myself,  and  which  have  been  appropriated  and  claimed  by  Mr.  Gerhardt. 
Davy  certainly  did  not  double  the  atomic  weight  of  oxygen  so  as  to  reduce 
the  total  number  of  atoms  of  oz}'^gen  contained  in  the  chlorates  and 
oitzates  fixon  six  to  three,  nor  did  he  show  that  the  acids  corresponding 
to  these  salts  contained  a  single  atom  of  hydrogen  as  base  and  no  water, 
nor  that  the  hydrate  of  potash  contained  a  single  atom  of  hydrogen  and 
no  water.  The  peculiar  theory  of  hydration  first  published  by  Dr.  Clark, 
aflerwards  developed  by  myself,  and  now  claimed  by  Mr.  Gerhardt,  is 
consequently  a  different  theory  fix)m  that  suggested  by  Davy  and  dis- 
CQSsed  by  Dumas.     I  have  not  seen  the  paper  published  by  Dulong. 

After  discussing  Davy's  theory  of  the  salts,  M.  Dumas  proceeded  to 
discuss  another  theory,  which,  he  says,  is  due  to  M.  Longchamp.  I  do 
not  know  where  the  original  is  to  be  found,  and  cannot  tell  whether  or 
not  M.  Longchamp's  theory  is  explained  fairly.  But  here  is  M.  Dumas' 
account  of  it,  written  in  terms  which  I  presume  w^ere  intended  to  encou- 
rage M.  Longchamp  in  the  pursuit  of  science. 

"  We  have  seen,"  he  says,*  "  that  Davy,  in  adjusting  the  composition 
of  the  salts,  took  the  ox}'gen  of  the  base  to  add  it  to  that  of  the  acid.' 
M.  Longchamp  has  inverted  that  process.  He  wishes  us  to  carry  from 
the  acid  to  the  base  as  much  oxygen  as  that  which  it  already  contains. 
According  to  him,  sulphuric  acid  and  protoxide  of  lead,  combine  to  pro- 
dace  a  compound  of  sulphurous  acid  and  brown  oxide  of  lead,  the 
formula  of  which  ought  to  be  written  thus — SO*,PbO*.  The  sulphuric 
add  of  commerce  becomes  a  combination  of  sulphurous  acid  and  oxy- 
genated water:  SO*,H*0*.  This  is  therefore  the  hypothesis  of  Davy 
tnmed  topsy-turvy. 

"  AcconHng  to  this  plan,  if  you  take  sulphate  of  sesquioxide  of  man- 
ganese, which  is  represented  by  3S0',Mn*0*,  you  are  to  see  in  it  what 
is  indicated  by  the  formula  3S0",Mn*0'.  After  this  transformation,  you 
perceive  that  you  have  a  very  strong  acid,  the  manganic  acid,  playing 
the  part  of  base  vis-^vis  to  a  veiy  weak  acid,  the  sulphurous  acid ;  and, 
above  all,  that  these  are  two  acids  which  cannot  exist  together,  since 
Golphurous  acid  reduces  manganic  acid  to  the  state  of  protoxide  of  man- 
ganese. 

"Again, — suppose  you  have  sulphate  of  alumina.  That  salt  is  no 
kmger  3S0»,A1K)»,  it  is  become  3S0«,Al*(y.     Here  behold  A1*0«,  a 

'  Le^ns  sur  la  Philosophic  Chiraique,  8vo.  Paris,  1837,  p.  344. 
'  It  would  be  just  as  accurate  to  say  that  he  took  the  oxygen  of  the 
acid  to  add  it  to  that  of  the  base. — J.  J.  G. 
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compound  that  nobody  knows,  and  the  existence  of  which  has  never 
been  suspected.  There  would  be  a  multitude  of  similar  changes ;  for  it 
would  be  necessary  that  every  salifiable  oxide  had  a  corresponding  oxide 
containing  double  the  quanti^  of  oxygen,  while  for  each  acid  susceptible 
of  combination  with  bases,  it  would  be  necessary  to  find  another  com- 
pound possessing  an  atom  of  oxygen  less.  We  should  be  forced  to  admit 
the  existence  of  FeO«,  FeO«,  GW,  MgO",  K0«,  &c.,  &c.,  and  of  Ph«0*, 
Ph*0*,  &c. 

'*  It  is  useless  to  insist  &rther  on  the  improbabilities  of  this  theory,  so 
much  less  happy  tlian  that  of  Davy,  and  which  presents  nothing  philo- 
sophical." 

I  shall  not  dwell  on  the  sarcastic  style,  but  consider  the  substance  of 
this  criticism. 

According  to  Dumas,  it  is  monstrously  absurd  to  suppose  that  sul- 
phate of  lead  contains  sulphurous  acid  and  brown  oxide  of  lead.  It  is 
monstrously  absurd  to  suppose  that  oil  of  vitriol  contains  sulphurous  acid 
and  oxygenated  water.  According  to  Dumas,  you  ought  to  crucify  at 
the  Sorbonne  the  man  who  proposes  things  so  improbable  and  so  unphi- 
losophical.     Buc  let  us  appeal  from  rhetoric  to  facts: — 

'*  The  peroxide  of  lead  gives  rise  to  some  peculiar  and  remarkable 
reactions ; — sulphurous  acid  converts  it  instantly  into  sulphate  of  lead. 
There  is  even  ignition  at  the  moment  of  combination."  Dumas,  Traite 
de  Chimie  (Li^ge,  1848),  tom.  III.,  p.  401. 

"  Scarcely  is  sulphurous  acid  brought  into  contact  with  peroxide  of 
hydrogen,  even  diluted  with  much  water,  when  its  odour  disappears, 
and  it  passes  into  the  state  of  sulphuric  acid." — Thenard,  Traite  de 
Chimie^  (Paris,  1827),  tom.  II,  p.  87. 

The  exact  opposition  of  the  facts  to  the  rhetoric  renders  comment  un- 
necessary. 

Dumas's  other  examples  are  equally  extravagant.  The  formula  of  the 
sulphate  of  sesquioxide  of  manganese,  380',Mn"0'  is,  as  he  admits,  a 
thing  of  **  convenience,"  not  the  representation  of  a  fact.  As  a  mere 
hypothesis,  it  is  liable  to  be  dealt  with  unceremoniously.  I  shall 
show  in  the  course  of  this  inquiry,  that  the  quantity  of  manganese  con- 
tained in  this  salt,  in  combination  with  3  atoms  of  sulphur,  is  not  2 
atoms,  but  3  atoms  of  manganese;  that  the  quantity  of  oxygen  is  not 
12  atoms  but  6  atoms;  that  the  ultimate  elements  are  therefore, 
S'Mn'O',  which  formula  divided  by  3,  gives  SMnO*,  or  according  to  the 
despised  theory  of  M.  Longchamp,  MnO-|-SO,  in  which  iw  have  not,  as 
M.  Dumas  affirmed,  ''  a  very  strong  acid,  the  manganic  acid,  playing 
the  part  of  base  vis-d-vis  to  a  very  weak  acid,  the  sulphurous  acid." 
We  have  no  manganic  add  at  all.  We  have  an  oxidised  basic  radical, 
MnO,  combined  with  an  oxidised  acid  radical,  SO,  and  we  can  actually 
produce  MnO -|- SO,  the  sulphate  of  manganese,  by  heating  MnO  wnth 
hydrated  SO.     M.  Dumas*s  ridicule  is  therefore  entirely  misplaced. 
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ne  remarks  apply  to  the  teraulphate  of  alumina,  the  proper 
f  which,  as  I  shall  show  elsewhere,  is  AlcSO",  or  AlcO.SO. 
»tion  of  the  constitution  of  the  salts  might  be  conveniently 
a  reference  to  any  one  of  them.  We  might  select  oil  of  vitriol, 
■e,  shall  we  write  this  compound  HO+SO*,  according  to 
or  H  +  SO*,  according  to  the  binary  theory?  or,  shall  we 
atomic  weight  of  oiygen,  and  write  it  H  +  SO",  according  to 
■  theory,  or  HO+SO,  according  to  the  theory  ascribed  to 
p?  It  appears  to  me,  and  I  liope  to  bring  the  readers  of  this 
y  opinion,  that  the  doubling  of  the  atomic  weight  of  oxygen 
ly  essential,  and  that  consequently  one  of  the  last  two  formultE 
lopted  as  the  truest  representation  of  the  composition  of  oil 
but  it  does  not  seem  to  be  possible,  either  by  experiment  or 
Hit,  to  determine,  whether  the  two  atoms  of  OTj'gcn  are  com- 
li  with  the  acid  radical,  or  one  with  each  of  the  radicals.  I 
vbable  that  the  latter  is  the  case,  but  there  is  no  evidence  to 
and  we  are  consequently  at  liberty  to  use  either  the  formula 
the  formula  HO,SO,  according  as  one  or  the  other  may  best 
;iven  purpose. 

?mists  who  have  discussed  the  constitution  of  salts,  since 
a  published  his  lectures,  have,  with  tJie  exception  of  M. 
confined  themselves  to  the  single  case  discussed  by  Dumas, 
O"  versus  H+SO*.  They  have  not  considered  the  important 
.  result  from  the  adoption  of  Dr.  Clark's  proposal  to  double  the 
ghts  of  oxygen  and  carbon.  It  seems,  therefore,  to  be  un- 
»  quote  either  their  ai^uments  or  conclusions,  which  do  not, 
in,  differ  from  those  of  Dumas,  The  theory  of  I^voisier  is 
1"  to  remain  in  fashion  because  the  existing  race  of  chemtets, 
•Ate  of  its  fallacies,  and  suffering  from  its  defects,  want  the 
overthrow  it,  or  the  abihty  to  organise  a  better. 


The  Eadical  Theory. 

nciples  of  the  Radical  Theory  may  be  stated  in  a  few 
lit  is  composed  of  two  radicals,  simple  or  compound,  oxidised 

lement  can  act  as  a  radical,  except  oxygen.  Oxygen  never 
mple  radical,  nor  forms  part  of  a  compound  radical.  Some  of 
c  elements  foim  two  radicals,  which  differ  in  weight  and  pro- 
ud radicals  consist  of  (i)  carbon  and  hydrogen,  or  (2)  carbon 
sn,  or  (3)  combinations  of  other  elements,  with  the  fore- 
ir  the  most  part,  and  when  not  otherwise  expressed,  the  argu- 
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ments  in  the  following  pages  refer  to  radicals  that  contain  carbon  and.  hy- 
drogen only. 

The  quantity  of  an  element  which  constitutes  a  radical  is  an  atom,  or 
as  much  as  forms  a  single  volume  of  gas. 

The  quantity  of  a  compound  which  constitutes  a  radical  is  as  much  as 
forms  a  single  volume  of  gas.  When  the  compound  is  not  gaseous,  the 
radical  quantity  is  as  much  as  is  equivalent  to  a  single  volmue  of 
hydrogen  or  of  chlorine. 

Every  gaseous  salt  measuress  two  volumes,  which  is  the  measure 
of  its  two  radicals.  When  salts  contain  oxygen,  that  element  adds  to 
their  weight,  but  not  to  the  measure  of  their  gas. 

Though  a  compoimd  radical  that  measures  one  volume  in  the  state  of 
gas,  still  measures  one  volume  when  combined  with  one  or  more  atoms 
of  oxygen,  the  oxygen  is  not  to  be  considered  as  a  constituent  part  of 
the  radical,  but  only  as  an  addition  to  it. 

Muriatic  acid,  HCl,  may  be  taken  as  the  model  of  a  salt.     Any  basic 
radical,  simple  or  compound,  may  replace  H,  and  produce  a  chloride  = 
MCI,  such  as  chloride  of  potassium  =  KCl,  or  chloride  of  methyl  =  CH',C1. 
Any  acid  radical,  simple  or  compound,  may  replace  CI,  and  produce 
another  hydride,  such  as  HBr,  HS,  or  H,CH*. 

When  either  or  both  radicals  are  oxidised,  the  compound  is  an  oxygen 
salt.  It  is  in  all  cases  impossible  to  determine  whether  the  oxygon  of 
a  salt  is  combined  exclusively  with  either  of  the  two  radicals,  or  divided, 
equally  or  unequally,  between  them.  In  framing  equations  for  tlie 
purpose  of  explaining  theoretical  opinions  respecting  the  constitution 
or  transformations  of  compounds,  we  may  place  the  oxygen  in  that 
manner  which  best  answers  our  special  intention ;  but  in  the  construction 
of  formulae  for  purposes  of  clarification  or  nomenclature,  the  oxygen 
should,  in  all  cases,  be  put  together  at  the  end  of  the  formulae. 

Since  all  gaseous  salts  that  contain  two  radicals  form  two  volumes  of 
gas,  whether  the  radicals  are  simple  or  compound,  oxidised  or  not 
oxidised,  it  is  assumed,  that  every  compound  radical,  if  isolated  and 
brought  into  the  gaseous  state,  would  measure  one  volume.  In  justifica- 
tion of  this  assumption,  it  may  be  added,  that  every  compound  radical 
that  has  yet  been  isolated  measures  one  volume,  and  is  the  equivalent  of 
one  volume  of  hydrogen  or  of  chlorine. 

Salts  combine  with  one  another,  so  as  to  form  double,  triple,  quad- 
ruple, and  other  forms  of  compound  salts. 

Classification  of  Oxygen  Salts. 

Referring  to  the  classification  of  oxygen  salts,  which  I  pubUshed  in 
1834  (see  page  15),  I  have  to  remark,  that  that  system  requires 
scarcely  any  amendment,  to  adapt  it  to  the  Radical  Theory  of  1856. 
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A.  Simple  Salts. 

0  is  an  important  class  of  salts,  comprehending  water 
tides,  K,KO;  their  hydrates,  K,HO;  many  organic 
as  alcohol,  H,CH'0,  and  ether,  CH',  CH'O ;  the 
Jie  borates,  M,BO;  and  snch  compounds  as  chloro- 
O,  and  the  oxjchloride  of  chromium,  CrQO. 

i<y,  the  rational  formula  for  which  may  possiblj  be 
hends  tlie  sulphates,  oxalates,  nitrites,  chlorit«s,  and 
if  organic  acids,  such  as  the  acetates,  fonniates,  ben- 
,  &c 

R0».  Rational  fbrmula,  probably  MO+BOO.  The 
iodates,  bromales,  metaphosphates,  and  several  salts 
lie  radicals.  I  am  also  disposed  to  put  into  this  class 
rides,  such  as  anhvdrous  sulphuric  acid  =  S  -|-S0",  or 
reus  acetic  add  =  C'H'+CH'O',  orCH'O+CH'OO ; 
nnamic  acid  =  (TH'+CIFO',  or  CTH'O+CH'OO. 
EO*.     Perchloratea. 

B.  Double  Salts. 

I-RO".  Probable  compoaiUon,  MO,RO+MO.  Tlie 
re  bibasic,  because  the  acid  radical  is  indivisible. 

CO*  .     .     Neutral  carbonate  of  potash. 
CO"  .     .     Bicarbonate  of  potash. 
;;  CO"     .     Bitterspar. 

}f  sulphuric  acid  with  peroxide  of  hydrogen,  belongs 
>04-H0  =  HH;  SO*. 

R'C.  Probable  composition,  MO,RO+RO.  As  the 
re  basic  salts  of  Class  II,  so  the  salts  of  this  class 
Class  II. — the  relations  of  the  three  kinds  being  as 

[lass  V MO,MO,RO. 

„     II MO,RO. 

„  VI MO,R0,RO. 

tes  belong  to  this  class. 

+R»0'.      Probable  compowtion,  MO,RO+M,RO  ; 

nd  of  a  salt  of  Class  I.  with  a  salt  of  Class  II.     The 

1  this  class,  the  salts  of  which,  like  those  of  Class  V., 

S'O*    .     .     Neutral  sulphite  of  potash. 
8*0*    .     .     Bisulphite  of  potash. 
:  S'O*  .     .     Sulphite  ofpotash  and  soda. 
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It  has  been  erroneously  Eissnined  that  the  carbonates  and  sulphites  are 
of  Bimilar  constitution  i  they  are  both  bibasic,  and  both  conttun  3  atoms 
lations  the  similarity  ends.  The  carbonates 
the  sulphites  contain  two  add  radicals ;  so 
itially  different. 
Probable  composition,  M0,ROO+M,MO. 

composition  of  these,  and  otlier  classes  of 

'.  Radical  Theory  in  the  shortest  and 
fed  the  bets  upon  which  I  propose  to  found 
if  Tables,  to  which  I  shall  add  a  mnning 

nr  notice,  a  Table  of  the  Atomic  Weights, 
he  Elements.  Secondly,  a  Table  containing 
nic  Radicals  and  Salts  which  contain  them. 
I  Vapours.  After  explaining  theae  Tables, 
>ntain  to  the  explanation  and  illustration  of 
lemical  interest.  TheM  applications  must 
mber,  because  I  do  not  propose  to  write  a 
f  an  account  of  certain  philosophical  prin- 
ixarnples  to  such  as  afford  the  illustmtiong 
t  of  those  principles. 


eiglUs  of  ths  Elements. 

Griffin. 

MiUer. 

Abridged  Nun«l.i 

13.60 

13.7 

Al-  ous. 

9.1 

Al-  ic. 

129. 

139. 

Stib-  ous. 

4J- 

Stib-  ic 

75- 

75% 

Are-  ous. 

35- 

Ars-  ic. 

68.5 

68.5 

EaryL 

313. 

213. 

Bism-  ous. 

7>- 

Bism-  ic 

3.6 

10.9 

Bor. 

80. 

80. 

Broui. 

55-7 

55-7 

Cadra. 

ao. 

Gdc. 

12. 

6. 

Carb. 

d  names  will  be  explained  in  the  section  o 
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Miller. 

Ahrtlgrf»™.» 

46. 

Oer-  oua. 

;    :  1    Cec 

ii.66 

Cer-  ic 

CI 

3!-! 

35-5 

Clilor. 

Cr 

37- 

16.5 

Chrom-  ous. 

Cre 

1 8. 

Chran-  ic 

Co 

"9-S 

"9-5 

Cob-  ouiL 

Coc 

'9-7 

Cob- It 

Cn 

64. 

Ciipr-  ous. 

Cue 

i'- 

31-75 

Cupr-  ic 

D 

46. 

48. 

Didvni. 

E 

Erb. 

F 

19- 

19- 

Fluor. 

G 

4-7 

7- 

Glue. 

Au 

.96.5 

196.6 

Aur-  ous. 

Auc 

«5-5 

Aur-  ic 

H 

1. 

I. 

Hydr. 

11 

Ilm. 

I 

"7- 

127. 

lod. 

Ir 

99- 

9B.6 

Irid-  ous. 

Ire 

66. 

Irid-  ic 

r. 

38. 

28. 

Ferr-  oiu. 

Fee 

1S.66 

Ferr-  ic 

L, 

46. 

46. 

I«t 

Pb 

104. 

10J.6 

Plumb. 

h 

6-! 

6-5 

LItb. 

Mg 

12. 

I2.i6 

Magn. 

Ala 

»7-« 

27.S 

-  Mang-  ooa. 

Mnc 

.8.4 

M.„g-  ic 

Hg 

200. 

M«r-  ous. 

Hcc 

loa 

700. 

Mer-  ic 

Mo 

46. 

46. 

Molybd-  ous. 

Hoc 

15-33 

Molybd-  ic 

Nl 

39-55 

39-5. 

NiCOol-   OUB. 

NIC 

19-7 

Niccol-  ic 

Nb 

Niob. 

N 

14. 

H- 

Nilr. 

Os 

99- 

99-4 

Osm-  oua. 

Osc 

66. 

0am-  ic 

0 

16. 

8. 

Ox. 

Pd 

5J-3 

53-2 

Pail-  ous. 

Pdc 

3S.6 

Pail-  ic 

_ 

Pe 

Pelop. 
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wei^ts  of  oxygen,  hydrogen,  nitrogen,  and  chlorine,  are  represented  by 
the  specific  gravities  of  their  gases.  In  other  words,  that  one  volume  of 
each  of  these  elements  in  the  state  of  gas,  is  one  atom  or  one  equi- 
valent 

This  method  of  determining  what  constitutes  an  atom  depends  upon 
Gay  Lussac's  discovery,  that  gases  combine  in  equal  volumes.  Assuming 
that  volumes  represent  atoms,  the  different  densities  of  the  elementary 
gases  give  the  relative  weights  of  the  atoms.  All  theories  and  all  equi- 
Talents  incompatible  with  this  assumption  are  sacrificed.  There  can  be 
no  compromise  between  this  and  other  theories.  The  half-measures 
adopted  years  ago  by  Berzelius — such  as  the  crossed  atoms  of  the 
metelloids,  the  construction  of  sesquioxides,  and  other  similar  expedients 
-^ve  proved  useless.  I  propose  then  to  abandon  half  measures,  and 
to  bnng  equivalents  and  atoms  into  strict  harmony ;  to  set  aside,  for  the 
moment,  a  variety  of  conmion  chemical  hypotheses  respecting  crossed 
atoms,  sesquioxides,  anhydrous  acids,  anhydrous  bases ;  peroxidation 
and  protoxidation ; — ^and,  dispensing  with  these  hypotheses,  and  looking 
at  the  facts  of  chemistry  fix)m  another  point  of  view,  I  propose  to 
examine  whether  it  is  not  possible  to  free  our  theories  from  some  of  their 
present  complications. 

If  a  single  volume  of  oxygen  and  of  hydrogen  represents  an  atom  of 
each,  it  follows  that  an  atom  of  water  contains  two  atoms  of  hydrogen 
and  one  atom  of  oxygen.  Is  water  really  so  constituted  ?  That  is  the 
fbndamental  problem  in  theoretical  chemistry,  and  until  that  problem  is 
solved,  no  other  important  theoretical  problem,  no  difficulty  respecting 
radicals,  or  salts,  or  acids,  or  bases,  or  hydrates,  or  ethers,  or  alcohols, 
can  be  consido^  as  being  finally  disposed  of.  For  this  reason  much  of 
what  I  have  to  say  in  this  essay,  will  bear,  directly  or  indirectly,  upon 
that  single  point. 

We  have  at  present  four  theories  of  the  constitution  of  water.  First, 
the  common  English  theory,  that  it  contains  one  atom  of  hydrogen  and 
one  atom  of  oxygen.  Secondly,  Berzehus's  theory,  that  it  contains 
two  atoms  of  hydrogen  combined  directly  and  together^  with  one 
atom  of  oxygen.  Thirdly,  Gerhardt's  theory,  that  it  contains  two 
atoms  of  hydrogen  combined  separately^  hut  equally^  with  one  atom 
of  oxygen.  And,  fourthly,  Clark's  tiieory,  that  water  contains  one 
atom,  of  Hydrogen,  combined  with  one  atom  of  Oxide  of  Hydrogen. 
The  evidence  in  support  of  this  view,  will  be  brought  forward  in  a  suc- 
ceeding chapter,  but  in  the  meantime  I  assume — theoretically  and  subject 
to  future  discussion — that  water  is  a  compound  of  tux)  radicals,  one  of 
them  oxidised,  and  the  other  not  oxidised,  its  formula  being  H,HO.  If 
the  hcts  that  I  have  to  bring  forward  in  favour  of  this  theory  be  con- 
adered  valid,  one  effect  will  be  to  remove  the  difficulty  in  the  way  of 
assimilating  equivalents  to  atoms,  a  difficulty  which  is  inseparable  from 
the  theory,  that  the  gaseous  atom  of  hydrogen  has  twice  the  volume  of 
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the  gaseous  atom  of  oxygen.  The  atomic  weights  in  my  table  are  based 
upon  the  principle  that  one  volume  of  each  of  these  elements  is  equal  to 
one  atom.  Every  number  in  the  table  represents  as  much  of  a  given 
element  as,  in  my  opinion,  is  chemically  equivalent  to  one  volume  of 
hydrogen,  and  every  symbol  is  consequently  equal  to  one  H. 

The  Table  contains,  as  a  standard  of  comparison,  the  atomic  weights 
of  Professor  Miller  (the  latest  pubUshed  in  England),  where  hydrogen 
is  I.  The  atomic  weights,  or  equivalents,  which  I  propose  to  adopt, 
are  placed  in  juxta-position  with  these.  On  comparing  the  two  scales, 
we  find,  that  the  weights  of  the  metalloids,  and  of  the  alkaline  metals, 
remain  unaltered,  but  that  oxygen  is  made  i6  instead  of  8,  and  carbon 
12  instead  of  6.  These  alterations  are  made  in  the  usual  atomic 
weights  of  carbon  and  oxygen,  in  order  that  the  constitution  of  the  pro- 
toxides, and  the  hydrates  of  the  protoxides,  may  be  assimilated  to  that 
of  water,  according  to  the  general  formula,  M,MO. 

I  come  now  to  describe  a  great  divarication  from  prevalent  systems. 
I  propose  to  adopt,  for  some  of  the  acidifiable  metals,  and  for  the 
elements  that  produce  the  compounds  commonly  termed  sesquioxides, — 
two  atomic  weights — ^two  equivalents — tujo  qwmtities^  each  Chemically 
Equivalent  to  one  atom  of  hydrogen.  This  proposal  is,  of  course, 
founded  upon  Mr.  Gerhardt's  suggestion  of  double  equivalents,  a  sug- 
gestion of  great  importance,  and  deserving  of  more  attention  than 
cheijaists  have  yet  bestowed  upon  it.  Twenty  years  ago,  when  I  reduced 
the  formulae  of  alumina,  silica,  and  boracic  acid,  fix)m  A1*0*,  SiO",  and 
BO",  to  Al'O,  SiK),  and  3*0,  in  order  that  they  might  agree  with  other 
protoxides,  I  halted  at  the  red  oxide  of  iron,  because  a  similar  reduction 
of  FeKf  to  Fe*0,  gave  a  formula  that  was  incompatible  with  that  of  the 
ferrous  oxide,  and  inconsistent  with  that  part  of  the  atomic  theory  which 
is  called  the  law  of  combination  in  muitiple  proportions.  Mr.  Gerhardt, 
coming  to  the  same  difficulty,  cut  the  gordian  knot,  which,  like  me,  he 
was  unable  to  untie,  and,  boldly  disregarding  the  law  of  multiple  pro- 
portions, advocated  the  adoption  of  double  equivalents.  After  a  careful 
consideration  of  the  bearings  of  this  proposal,  I  have  come  to  the  con- 
clusion that  Mr.  Gerhardt  is  in  the  right,  except  in  the  following  ])ar- 
ticular :  while  he  adopts  two  equivalents  for  one  metal,  he  still  retains 
one  atomic  weight,  and  he  seems  simply  to  intimate  that  the  two  equiva- 
lents are  different  proportions  of  the  same  kind  of  metal.  He  says — 
"  When  we  speak  of  the  equivalent  of  a  body,  we  should  always  indicate 
to  what  other  body,  to  what  functions,  to  what  properties,  that  equi- 
valent corresponds."*  Now,  I  hold  the  opinion,  that  when  the  change 
in  the  atomic  weight  occurs,  a  change  takes  place  simultaneously  in  the 
quality  of  the  atom;  so  that,  for  example,,  the  mercuric  atom  is  not 
merely  of  half  the  weight  of  the  mercurous  atom,  but  is  endowed  with 
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difierent  chemical  properties,  and  capable  of  producing  compounds  which 
also  difier  in  properties  from  the  compounds  of  the  mercurous  atom ;  so, 
also,  that  the  ferric  atom  is  not  merely  two-thirds  of  the  quantity  of  iron 
that  is  contained  in  tlie  ferrous  atom,  but  is  a  different  chemical  agent, 
possessing  properties  that  are  peculiar  to  irself,  and  not  the  same  as  the 
pnopeities  of  the  ferrous  atom.  The  characteristics  of  the  ferrous  and 
ferric  atoms  do  not,  on  this  view,  depend  upon  their  relations  to  other 
bodies,  nor  upon  the  equivalents  of  other  bodies,  but  are  inherent  and 
not  conditional  properties.  Each  is  a  single  complete  chemical  atomy  and 
neither  of  them  is  an  equivalent  in  any  other  sense. 

By  the  adoption  of  double  equivalents,  we  get  rid  of  the  complicated 
formulae  and  the  perplexities  that  encumber  all  theories  of  the  constitu- 
tion of  the  salts  of  those  metals  that  give  two  series — such  as  the  ferrous 
and  ferric  salts  of  iron,  and  the  mercurous  and  mercuric  salts  of  mer- 
coiy,  &C. ;  above  all,  we  get  rid  of  the  hypothetical  sbsquioxides.  I 
say  hypotheticaiy  because  I  consider  them  to  be  the  creatures  of  a  fiction. 
I  do  not  believe  in  their  existence.  I  know  the  red  oxide  of  iron.  That 
is  a  reality.  But  the  sesquioxide  of  iron  is  a  mere  phrase,  a  technical 
term  which  expresses  a  particular  hypothesis.  It  has  only  an  arith- 
metical existence,  and  vanishes  when  you  adopt  a  different  calculation. 

I  propose  then,  in  the  case  of  iron, — and  I  take  that  metal  as  an 
example  of  the  entire  class  of  elements  that  produce  sesquioxides, — to 
have  two  atomic  weights — two  equioaknts.  One  of  these  atoms,  weighing 
on  the  hydrogen  scale  28,  is  the  radical  of  the  ferrous  salts,  and  I  mark 
it  Fe.  The  other  atom,  weighing  18 '66,  or  two-thirds  of  the  first  atom, 
is  the  radical  of  the  ferric  salts,  and  I  mark  it  Fee.  The  atoms  Fe  and 
Fee  are  each  equivalent  to  one  another,  and  to  one  atom  of  hydrogen, 
each  capable  of  combining  with  one  atom  of  chlorine ;  and  consequently 
thar  oxides,  hydrates,  and  chlorides,  should  be  indicated  by  correspond- 
ing formuke : — 


Ferrous  Compounds. 

Fe,FeO  Ferrous  oxide. 

H,  FeO  Hydrate  of  Ferrous  oxide. 

FeCl  Ferrous  chloride. 

FeCy  Ferrous  cyanide. 


Ferric  Compoimds, 

Fec,FecO  Ferric  oxide. 
H,FecO  Hydrate  of  Ferric  oxide. 
FecCl  Ferric  chloride. 
FecCy  Ferric  cyanide. 


The  elements  for  which  I  propose  to  adopt  two  equivalents  are  the 
following:  aluminum,  antimony,  arsenic,  bismuth,  cerium,  chromium, 
cobalt,  copper,  gold,  iron,  manganese,  mercury,  molybdenum,  nickel, 
f^tinnm,  and  the  other  metals  of  that  series,  tellurium,  tin,  uranium, 
and  vanadium. 

I  propose  to  distinguish  the  two  atoms  of  the  same  element  by  calling 
&  heavier  the  basyhus  atom,  and  the  lighter  the  hasylvc  atom,  and  by 
adding  to  the  symbol  of  the  basylic  atom  the  letter  c.     Thus, — 

D 
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Au    =a  Aureus  atom. 
Auc  s  Auric  atom. 
Hg    =  Mercurous  atom. 
Hgc  =  Mercuric  atom. 


Mn  =  Manganous  atom. 

Mnc  =  Manganic  atom. 

Cu  =  Cuprous  atom. 

Cue  s:  Cupric  atom. 


This  nomenclature  is  borrowed  from  the  system  proposed  some  years 
ago  by  Berzelius,  and  used  by  Mr.  Watts  in  his  translation  of  QmeUrCs 
Handbook  of  Chemistry, 

Of  course,  this  theory  is,  to  a  certain  extent,  inconsistent  with  the 
atomic  theory,  and  especially  with  the  doctrine  of  combination  in  mul- 
tiple proportions.  That  theory  assumes  that  each  element  has  a  single 
atomic  weight,  and  that  the  single  atom  combines  with  other  elements  in 
multiple  proportions.  Two  atoms  of  iron,  with  three  of  oxygen,  or  with 
three  of  chlorine,  and  so  on. 

My  view  of  the  matter  is  as  follows : — ^The  element  iron  can,  under 
different  circumstances,  form  two  molecules^  differing  from  one  another  in 
weight,  and  in  all  those  physical  properties  that  depend  upon  the  quan- 
tity of  ponderable  matter,  but  agreeing  with  one  another  in  having  the 
same  chemical  power,  in  being  each  a  chemical  equivalent,  in  exercising 
the  functions  of  a  complete  single  atom ;  the  chemical  properties  of  one 
equivalent  and  of  its  salts  being,  at  the  same,  time  quite  different  from 
those  of  the  other  equivalent. 

Nothing  is  easier  than  to  produce  compounds  either  of  the  ferrous  or 
the  ferric  atom,  to  convert  either  into  the  other,  to  combine  either  with 
oxygen,  or  sulphur,  or  chlorine,  or  to  make  either  of  them  pass  into 
salts,  both  organic  and  inorganic.  In  all  these  circumstances  each  atom 
is  chemically  equivalent  to  the  other.  The  two  chemical  atoms  of  iron 
can  be  treated  like  atoms  of  two  different  metals.  Their  atomic  weight 
is  different,  and  they  produce  compounds  having  different  properties,  and 
but  for  the  circumstance  that  they  are  both  known  to  be  iron,  and  can 
be  easily  converted  from  one  condition  into  the  other,  they  might  be  taken 
for  two  different  elements.  Their  compounds  differ  finom  one  another  as 
much  as  the  salts  of  cobalt  do  from  those  of  nickel,  or  the  salts  of  barium 
from  those  of  strontium.  I  shall  examine  a  few  of  these  transformations 
of  iron,  because,  next  to  the  constitution  of  water,  this  question  of 
double  equivalents  of  the  metals  is  the  most  important  theoretical 
point  that  can  occupy  our  attention.  I  hope,  by  a  complete  elucidation 
of  this  subject,  to  dispel  what  I, must  call  the  illusion  that  there  is 
something  in  the  nature  of  equivalents  which  renders  them  different 
from  atoms.  These  two  words  have,  or  ought  to  be  held  to  have, 
imder  all  circumstances,  the  same  meaning. 

If  we  dissolve  iron  in  diluted  hydrochloric  add,  hydrogen  is  set  free, 
^nd  we  obtain  ybrrotis  cliloride : — 

HCl-hFe  =  FeCl+H. 

If  we  combine  ferrous  chloride  with  half  as  much  chlorine  as  it  already 
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contains,  we  produce  ferric  chloride.  According  to  the  atomic  theory, 
this  transformation  is  explained  as  follows : — 

aFea+a  =  Fe«CI». 

Two  compomids,  each  containing  one  atom  of  iron  and  one  atom  of 
chlorine,  are  decomposed,  another  atom  of  chlorine  is  taken  up,  and  a 
new  compound  is  formed  in  which  two  atoms  of  iron  are  combined 
directlj  with  three  atoms  of  chlorine— 

(Fe+Fe)  +  (Q+Cl+Cl). 

This  explanation  is  completely  at  variance  with  the  electro-chemical 
theory,  and  it  is  fidlacious  in  a  strictly  chemical  point  of  view.  The 
Mlacy  lies  in  this,  that  ordy  a  part  of  the  change  that  takes  place  is 
accounted  for,  while  the  equation  pretends  to  account  for  the  entire 
change.  The  increase  in  the  quantity  of  chlorine  which  is  taken  up  by 
the  iron,  is  by  no  means  the  whole  change  that  takes  place  in  this  trans- 
formation. The  iron  goes  into  the  new  compound,  not  merely  in  that 
increased  quantity  which  is  held  to  be  a  multiple  proportion,  but 
changed  in  its  chemical  nature.  The  perchloride  of  iron  differs  essentially 
in  its  chemical  reactions  from  the  protochloride  of  iron.  The  perchloride 
of  iron,  therefore,  does  not  contain  a  multiple  proportion  of  t}i>e  same  iron 
that  is  contained  in  the  protochloride  of  iron,  but  it  contains  a  different 
chenucal  substance ;  and  strict  logic  demands  that  that  different  chemical 
substance  should  be  admitted  to  be  different,  and  that  the  difference 
should  be  denoted  by  a  different  chemical  name.  The  doctrine  of  com- 
bination in  multiple  proportions,  takes  no  cognisance  of  the  change  that 
occurs  in  the  chemical  properties  of  metals,  when  they  enter  into  com- 
bination in  what  are  csdled  multiple  proportions.  It  simply  points  out 
the  physical  condition  of  change  in  weight.  This  appears  to  me  to  be  a 
radical  defect  in  this  important  law  of  the  atomic  theory. 

The  explanation  of  this  process  of  the  conversion  of  protochloride  of 
iron  into  perchloride,  in  accordance  with  the  proposed  theory  of  double 
equivalents,  is  as  follows : —  ,  /       . .  •  ^«  *  ^-* 


\A 


Fea        FecCl.     "'  _  ,        c.^o.         ,  •     •  h 


FeCl   =    FecCl.         •  c  c  -    r»  c  .         %,  ..^  a 
a        Feca.     /     ^  ,      '•''  ' 

The  free  chlorine  converts  two  ferrous  atoms  into  three  ferric  atoms ; 
in  other  words,  two  chemical  equivalents  of  one  description  of  iron 
beoane  three  chemical  equivalents  of  another  description  of  iron ;  and 
since  evert/  chemical  equivalent  of  iron,  whether  ferrous  or  ferricy  requires 
me  equivalent  of  chlorine  to  form  a  chloride,  the  two  equivalents  of 
ferrous  chloride  require,  afrer  the  transformation,  a  third  equivalent  of 
chlorine,  and  produce  three  equivalents  of  ferric  chloride.     Here  we 
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distiDCtly  perceive  the  change  that  occurs  in  the  nmnber  of  atoms  of  the 
iron,  and  that  there  is  a  corresponding  change  in  the  chemical  nature  of 
the  iron,  can  be  made  abimdantly  manifest  by  the  action  of  every  suit- 
able chemical  reagent.  As  to  the  theory  of  combination  in  multiple 
proportions,  there  is  here  no  evidence  in  support  of  it.  The  ferric  chlo- 
ride, or  perchloride  of  iron,  is  on  the  theory  of  double  equivalents,  not 
a  compound  of  a  multiple  quantity  of  iron  with  a  multiple  quantity  of 
chlorine  =  Fe*  with  CI',  but,  like  the  ferrous  chloride,  is  a  binary  compound 
of  two  radicals : — 

The  ferrous  chloride  being  Fe  G. 

The  ferric    chloride  being  FecCl. 

This  theory  is  in  complete  accordance  with  the  electro-chemical  theory. 

Let  us  now  examine  what  occurs  in  the  well-known  experiment  of  the 
reduction  of  perchloride  of  iron  to  protochloride  by  means  of  metallic 
copper,  an  analytical  process  of  frequent  use  in  the  laboratory : — 

FecQ )  FeCL 

Feca  \  +  Cue  =    Fea 
FecCl  J  CucCL 

Under  the  influence  of  the  copper — a  free  basic  radical — three  ferric 
atoms  become  transformed  into  two  ferrous  atoms,  and  one  atom  of 
chlorine  is  given  up  to  the  cupric  atom. 

Thus,  we  perceive  that  when  ferrous  atoms  are  in  presence  of  an 
excess  of  a  free  acid  radical,  they  are  resolved  into  ferric  atoms,  which 
can  neutrahze  one-half  more  of  the  free  acid  radical,  than  can  be  neu- 
tralized by  the  ferrous  atoms.  Conversely,  when  ferric  atoms  are  in 
presence  of  an  excess  of  a  free  basic  radical,  they  are  resolved  into  ferrous 
atoms,  giving  up  one-third  of  their  acid  radical  to  the  fi"ee  basic  radical. 
An  excess  of  an  electro-positive  substance,  acting  upon  an  electro-negative 
substance— or  vice  versd — tends  to  produce  an  equality  in  the  number 
of  positive  and  negative  equivalents.  Thus,  FeCl-f  FeCl-f-Cl  produce 
FecCl+FecG+FecCl,  and  FecCl +FecCl+ FecCl -f- Cue  produces  FeCl 
4-FeCl-t-CucCl.  The  phenomena  are  precisely  of  the  same  character 
as  many  of  the  transformations  of  organic  radicals,  which  take  place 
when  they  are  subjected  to  the  action  of  chemical  agents. 

The  following  diagrams  show  what  occurs  in  the  PfiROxroATiON  of 
ferrous  sulphate  by  means  of  hydrated  nitric  acid. 

First,  when  no  fi«e  sulphuric  acid  is  present ; — 

Before,        After. 

FeSO«  FecSO»  Persulphate  of  iron. 
FeSO"  =  FecSO»  Persulphate  of  iron. 
HNO»         FecHO   Hydrate  of  peroxide  of  iron. 

NO*  Peroxide  of  nitrogen. 


THERE  ABE  NO  SALTS  CONTAINING   SESQniOXlI)ES.  37 

Two  atoms  of  ferrons  sulphate  and  one  atom  of  hydrated  nitric  acid, 
{ffodace  two  atoms  of  ferric  sulphate,  one  atom  of  hydrated  ferric  oxide, 
and  one  atom  of  peroxide  of  nitrogen. 
Secondly,  when  free  sulphuric  acid  is  present : — 


Before. 

After. 

FeSO» 

FecSO»l 

FeSO»   =x   FecSO*' 

>  Persulphate  of  iron. 

HSO» 

FecSO« 

HNO» 

H  HO 

Water. 

NO*    Peroxide  of  nitrogen. 

Two  atoms  of  ferrous  sulphate,  one  atom  of  hydrated  sulphuric  acid, 
and  one  atom  of  hydrated  nitric  acid,  produce  three  atoms  of  ferric  sul- 
phate, one  atom  of  water,  and  one  atom  of  peroxide  of  nitrogen. 

I  hope  the  reader  will  do  justice  to  the  explanations  of  these  trans- 
formations, by  examining  the  terms  in  which  the  facts  are  explained  in 
the  systems  of  chemistry  based  on  the  ordinary  theory.  In  most  cases, 
&e  peroxidation  and  protoxidation  of  iron  salts  are  described  about  as 
clearly  as  the  alchemists  were  wont  to  describe  the  transmutation  of  lead 
into  gold. 

Condition  of  Iron  in  double  salts  of  Peroxide  of  Iron.  Example :  The 
oxalate  of  potash  and  of  peroxide  of  iron.  I  copy  the  usual  formula  from 
GrahanCs  Chemistry: — 

3(KO,C80,)  +  Fe,08,3CA  +  6H0. 

This  formula  indicates  the  following  ultimate  atoms,  according  to  the 
proposed  new  equivalents,  in  which  the  atomic  weights  of  carbon  and 
oxygen  are  doubled : — 

K»Fec»C*0»*  +  3H«0. 

Dividing  these  numbers  by  3,  we  obtain  K,Fec ;  CW-f- Aq,  or  KC0*4- 
FecOC+Aq.  That  is  to  say,  the  salt  is  a  double  oxalate  of  the  sim- 
plest possible  form,  and  in  which  the  ferric  atom  Fee,  is  perfectly  equi- 
valent to  the  potassium  atom  K.  There  is  absolutely  no  evidence  to 
prove  the  presence  of  sesquioxide  of  iron  in  this  salt ;  though  the  heap- 
ing together  of  six  equivalents  of  oxaUc  acid,  six  equivalents  of  water, 
and  three  equivalents  of  potash,  all  take  place  in  consequence  of  the 
assumption  that  sesquioxide  of  iron  forms  an  essential  and  indivisible 
part  of  this  compound.  The  salt,  in  fact,  is  made  up  after  Berzelius's 
law,  that  when  electro-negative  oxides  combine  with  electro-positive 
oxides,  the  oxygen  of  the  former  (in  neutral  compounds)  is  a  multiple 
by  a  whole  number  of  the  oxygen  in  the  latter.  The  adoption  of  double 
equivalents  will  render  this  law  obsolete. 

The  greater  part  of  the  organic  salts  of  peroxide  of  iron  stand  in 
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liUr  circumstmices  to  this  oxalate.  They  are  made  to  coDtain 
F  acid  wichout  the  slightest  necessity.  In  Gmelin's  and  in 
Chemistry,  there  are  scores  of  comphcated  foimuls;  that  imme- 
simplified  if  you  adopt  the  ferric  atom,  and  abandon  the  Inm- 
inioxide  of  iron,  which,  in  fact,  cannot  be  proved  to  e-^ist  in 
batfiver. 

let  us  apply  these  views  to  the  investigation  of  scane  of  the 
lat  contain  iron. 

all,  we  must  come  to  an  understanding  as  to  the  meaning  of 
cyaniife  and  cyanogen.    According  to  Mr.  Gerhardt,'  the  com- 

cyant^n  is  expressed  by  the  formula  CN*  =  Cy'Cy'.     He 
hat  most  chemists  represent  free  cyanc^n  by  the  fomiula 
olumea ;  but  that,  in  his  opinion,  cyanogen  is  the  c)-anidc  of 
just  as  hydrocyanic  acid  is  the  cyanide  of  hydrogen ; — 
de  of  hydrogen     Cy'  I         Cyanide  of  cyanogen     Cy'  1 
t  volumes).  IT  f  (4  volumes).  (V  ( 

of  ai^umcnt  is  beyond  my  comprehen^on.  I  nnderstand 
ent  diat  cyanide  of  hydrogen  contains  cyanogen  as  an  acid 
nbined  widi  hydrogen  as  a  basic  radical ;  but  I  must  inquire, 
no  such  thing  as  free  cyanogen,  what  can  possibly  be  the  cjjn- 
:ither  Of  the  cyanide  of  hydrogen  or  the  cyanidn  of  cyanogen  ? 
rdt's  theory  of  free  cyanogen,  if  extended  to  the  elements,  as 
lists  seem  desirous  of  extending  it,  leads  to  very  singular  con- 
tVith  vast  propriety,  we  then  declare  that  iron  is  not  free  iron, 
rride  of  iron ;  that  hydrogen  is  not  free  hydn^cn,  but  the 

hydrc^n ;  that  oxygen  is  not  free  oxygen,  but  the  oxide  of 
Proceeding  in  this  manner,  we  get  rid  of  all  the  elements, 
ach  by  a  hypothetical  compound  of  an  imaginary  -|-  element, 
with    an    imaginary  —  element,      Snch  are  some  of  the 

whimsies  of  men  of  science. 

on  of  &ee  cyanogen  is,  that  it  consists  of  one  atom  of  carbon 
ndth  one  atom  of  nitrc^en ;  that  it  forms  a  compound  which 
"uus  state  measures  one  volume,  weighs  26  on  tiie  hydrogen 
has  the  power  to  combine  with  one  atom,  or  one  volume, 
lent  or  of  any  compound.     That  is  a  plain  prosaic  account  of 

I  denote  it  by  CN  or  Cy,  Hence, 
HCy  =  Hydrocyanic  acid. 
KCy   =   Cyanide  of  potassium. 

m  told  that  this  cyanogen,  which  I  can  make,  and  isolate, 
nd  weigh,  and  measure,  and  cause  to  go  into  compounds  and 
t  of  them,  and  to  be  again  the  same  isolated  i^anogen,  with 

'  Traits  de  Chimie,  I.  386. 
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the  same  properties,  the  same  weight,  and  the  same  measure ;  when  I 
am  told  that  I  am  to  believe  that  this  compomid  which  I  know  is  not 
free  cyanogen,  but  that  free  cyanogen  is  cyanide  of  cyanogen,  ^  com- 
pound of  two  other  cyanogens,  which  I  do  not  know,  which  I  cannot 
make,  and  which  nobody  ever  saw,  then  I  begin  to  think  that  J  am 
listoiing  to  a  lecture  on  exoteric  chemistry  delivered  by  a  philosopher  of 
Ancient  Egypt,  whose  intention  it  is  that  I  shall  acquire  no  knowledge 
of  esoteric  chemistry,  and  who  has  been  constituted  an  authority  under 
the  conservative  opinion  that  the  proper  use  of  a  chemical  theory  is  to 
enable  a  chemist  to  conceal  his  knowledge. 

Passing  by  this  occult  philosophy,  let  us  proceed  to  examine  the 
ccHnpounds  of  cyanogen. 

I  quote  the  following  two  fbrmulse  from  Gmelin's  Chemistry : — 

Protocyanide  of  iron,  or  ferrous  cyanide  CN'Fe®  =  Fe  Cy. 
Sesquicyanide  of  iron,  or  ferric  cyanide    CN*Fe'  =  Fe"Cy*. 

According  to  the  Radical  Theory,  these  formuke  are  transformed  as 
follows : — 

Ferrous  cyanide  =  Fe  Cy. 

Ferric  cyanide     =  FecCy. 

These  symbols  are  not  only  simple,,  but  they  show  what  the  old 
symbols  do  not  show,  that  the  iron  in  the  two  salts  is  not  only  present  in 
a  different  quantity,  but  in  a  different  condition.  There  is  no  retAon 
whatever  why  the  ferric  atom  should  not  be  divided  in  this  manner. 
No  £ict  forbids  it.  No  experiment  is  opposed  to  it  The  only  argu- 
ment that  can  be  urged  is,  that  it  does  not  agree  with  Dalton's  theory 
of  combination  in  multiple  proportions.  That  is  unlucky.  But  I  must 
reply,  that  if  Dalton's  theory  is  found  to  be  inconsistent  with  truth,  or 
comes  to  be  a  cause  of  perplexity,  instead  of  a  help,  to  chemists,  they 
wiD  have  to  consider  whether  that  theoiy  must  not  be  amended  or  aban- 
dmed. 

All  the  single  cyanides  can  be  expressed  in  the  same  manner  as  the 
above ;  even  diese  containing  compound  radicals  and  organic  radicals, 
snch  as — 

CH%      Cy  =  CyaniJe  of  methyl. 

NH'Pt,  Cy  =  Ammonio-protocyanide  of  platinum. 

AsCH*,Cy  =  Cyanide  of  cacodyl. 

The  next  three  formula  are  quoted  from  Gmelin : — 

Ferricyanide  of  «rta^imn,  or  1    ^^     Fe'Cy»=  CNTC*.  CWFe*. 

red  prussiate  of  potash  •     .  )  ^      ■'  ^  ' 

Hydroferricyanic  acid  .     .     .     3HCy,  ¥eH2f  =  C«N»IP,  C«N»Fe«. 

Tumbull's  Prussian  blue   .     .      :5FeCy,Fe«Cy»  =  C^"»Fe',C«N»Fe«. 

By  'adopting  separate  symbols  for  the  ferrous  and  ferric  atoms,  both 
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of  which  occur  in  Tumbull's  Prussian  blue,  and  then  dividing  every- 
thing in  these  formulae  by  3,  we  are  enabled  to  simplify  them  thus : — 

Ferricyanide  of  potassium  .  .  .  K  Cy,FecCy. 
Hydroferricyanic  acid  .  .  .  .  H  Cy,FecCy. 
Tumbull's  Prussian  blue.     .     .     .     FeCy,FecCy. 

Thus  a  series  of  compounds  which  require  very  complex  formulse, 
according  to  every  theory  hitherto  produced,  demand,  upon  the  radical 
theory,  formulsB  of  the  simplest  possible  character.  All  the  double 
cyanides  that  correspond  with  the  red  prussiate  of  potash  have  this  very 
simple  constitution.  They  are  double  cyanides,  having  one  basylous 
atom  and  one  basylic  atom,  and  in  all  cases  of  double  decomposition  the 
hasylic  atom  accompanies  the  tvoo  atoms  of  cyanogen.  Among  the  basylic 
atoms  which  produce  salts  of  this  kind  are  Ag,  Au,  Cd,  Coc,  Crc,  Cue, 
Fee,  Hg,  Mnc,  Ni,  Pt,  Zn.  Any  of  these  may  have  hydrogen  as  the 
basylous  atom,  producing  acids  corresponding  to  the  hydroferricyanic 
acid. 

Tliese  double  cyanides  may  be  strictly  compared  with  the  oxalates  in 
their  form  and  their  mode  of  action : — 

Red  prussiate  of  potash    .     .     KCy,FecCy  =  K,FecCy*. 
Oxalate  of  potash    .     .     •     .    KO,  C    O    =  K,C    0*. 

The  following  formulae  of  triple  cyanides  are  quoted  trom  Gmelin :— - 

Ferrocyanide  of  potassium,  or  I  j^^^  ^  C»N-FeK«. 

yellow  prussiate  of  potash .  J  •' 

Hydroferrocyanic  acid  .     .     .     H*FeCy*  =  O^'FeH*. 
Common  Prussian  blue     .     .     CN*Fe»,2C«N«Fe« 

=  3FeCy,2Fe"(y  (a?HO).» 

The  complexity  of  this  last  formula  is  ludicrous.  The  simple  fact  is, 
that  the  K'  and  H'  of  the  two  first  salts  is,  in  a  case  of  double  decom- 
position, exchanged  for  two  ferric  atoms  =  Fee";  but  the  prevailing 
theory  of  the  sesquioxides,  enjoining  the  use  of  three  times  that  quantity 
of  iron,  and  presenting  no  other  solution  of  the  difficulty,  the  entire 
formula  has  to  be  enlaiged  to  accommodate  the  theory.  The  above  three 
salts  would  be  written  with  the  new  equivalents  as  follows : — 

Yellow  prussiate  of  potash  .  .  .  K  Cy,K  Cy,FeCy  =  K*  FeCy». 
Hydroferrocyanic  acid  .  .  .  .  H  Cy,H  Cy,FeCy  =  IP  YoGf. 
Common  Prussian  blue   ....     FecCy,FccCy,FeCy  =  Fec'FeC^. 


*  I  omit  the  water,  as  of  no  moment  in  this  inquiiy. 
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Just  as  the  last  class  of  cyanides  (the  double  cyanides)  may  be  com- 
pared with  the  oxalates,  so  may  this  class  of  triple  cyanides  be  compared 
with  the  carbonates : — 

Yellow  pnissiate  of  potash    .    KCy,KCy,FeCy  =  K*FeCy'. 
Carbonate  of  potash     .     .     .     KO,  KO,  C  O   =  K?C  0». 

And  in  cases  of  doable  decomposition,  just  as  the  carbon  and  oxygen  of 
the  carbonate  CO*  go  together,  so  do  the  ferrous  atom  and  the  cyanogen 
of  the  cyanide  FeCy"  go  together. 

Exasnples, — Formation  of  Prussian  blue  with  yellow  prnssiate  of 
potash  and  ferric  sulphate : — 

KK,FeCy». 

FecSO^- 
Fec,SO*- 

Formation  of  Prussian  blue  with  red  prussiate  of  potash  and  ferrous 
sulphate : — 

KFecCy*. 

Fe,S02. 

The  two  varieties  of  Prossian  blue  are  therefore, 

Fec,Fec;  Fe  Cy*  =   FecCy,FecCy,FeCy. 
FejFecCy*   =  FecCy,Fe(^. 

The  action  of  chlorine,  in  converting  yellow  prussiate  of  potash  into 
red  prussiate  of  potash,  is  easy  of  explanation  by  means  of  the  proposed 
equivalents : — 

K-PeCy«|         (KPeoCy*. 

K«PeCy»l       JKFeccy. 

+       Cl     (    =    jKPecCy-. 

i      iKa 

Namdy,  the  chlorine  converts  2  ferrous  atoms  into  3  ferric  atoms; 
these,  with  j  atoms  of  potassium  and  6  atoms  of  cyanogen,  produce 
X  atoms  of  the  double  cyanide  or  red  prussiate  of  potash.  The  super- 
naoas  4th  atom  of  potassium  combines  with  an  atom  of  chlorine  to  form 
chloride  of  potassium. 

There  is  a  class  of  fourfold  cyanides,  of  which  Prussian  green  may  be 
ta^en  as  an  example.  Gmelin's  formula  of  that  compound  is  C^N'Fe^, 
3C*NTe»  +  1 2HO  =  FeCy,Fe*Cy»  +  4HO.  This  is  another  case  where 
iron  occors  in  both  conditions.     The  reduction  of  the  formula  gives — 

FeFec»Cy*  +  2HK). 


r 
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Finally,  I  must  bestow  a  few  words  upon  the  question  whether  hydro- 
cyanic acid  is  monobasic  or  polybasic. 

a.  If  we  take  a  quantity  of  hydrocyanic  acid  equal  to  HCy,*  we  can,  by 
replacing  H  by  a  basic  radical,  produce  a  great  variety  of  cyanides  of 
this  form,  MCy. 

The  hydrocyanic  add  is  therefore  Monobasic. 

b.  If  we  take  a  quantity  of  the  acid  equal  to  HHCy*,  we  can,  by 
replacing  HH,  either  singly  or  together,  produce  a  great  variety  of  acid 
or  neutral  salts,  such  as 

HFecCy*    •     .     .     Hydroferricyanic  acid. 


KFecCy* 
HCrcC^« 
HAgCy 
KAgCy* 


Red  prussiate  of  potash. 
Hydrochromidcyanic  acid. 
Argentoprussic  acid. 
Argentocyanide  of  potassium. 


The  hydrocyanic  acid  is  therefore  BiBASlc. 

c.  If  we  take  a  quantity  of  the  acid  equal  to  HHHCy*,  and  replace 
HHH  partly  or  entirely  with  basic  radicals,  we  can  produce  such 
salts  as 

HHFeCy*  .  .  .  Hydroferrocyanic  acid. 

KKFeCy*  •  .  .  Yellow  prussiate  of  potash. 

C*IP,C?H*;  FeCy»  .  .  .  Ferrocyanide  of  ethyl. 

ZnZnBaCy*  .  .  .  Cyanide  of  zinc  and  barium. 

The  hydrocyanic  acid  is  therefore  Tribasic. 

d.  If  we  take  a  quantity  of  the  add  equal  to  HHHHCy^,  and  replace 
HHHH  by  basic  radicals,  we  produce  such  salts  as 

Fe,  Fee,  Fee,  Fee;  Cy*  .     ,     .     Prussian  green. 

K,  Na,  Fee,  Fee;  Cy* .     .     .     Cyanide  of  potassium,  sodium,  and 

ferricum. 
Cu,  Ag,  Ag,  Ag;  Cy* .     .     •     Cuprocyanide  of  silver. 
K,  AuCjAuc, Auc;  Cy* .     .     .     Auridcyanide  of  potassium. 

The  hydrocyanic  acid  is  therefore  Tetrabasic. 

It  appears  to  be  probable  that  the  nitro-pmssides  discovered  by  Dr» 
Lyon  Play&ir  contain  octabasic  cyanides. 

Pray  tell  me,  then,  is  hydrocyanic  add  monobasic,  bibasic,  tribasie, 
tetrabasic,  or  octabasic? 

'  H  =  I,  C  =  12,  N  =  14.      HCy  =  27. 
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The  cyanides  of  iron,  of  all  classes,  single,  doable,  triple,  and  quad- 
raple,  contain  iron  in  its  two  chemical  conditions,  and  in  such  propor- 
tions as  seem  not  only  to  justify  the  assumption  of  the  existence  of  the 
ferroos  and  ferric  atoms,  but  to  render  the  prevalent  hypothesis  of  the 
m£msibility  of  that  quantity  of  iron  which  corresponds  to  the  sesquioxide 
altogether  improbable  and  untenable.  I  have  shown  that  we  can  have 
complete  salts  with  one  atom  of  Fee,  with  two  atoms,  and  with  three 
atoms.  The  resolution  adopted  by  chemists  of  making  it  appear  that 
aO  the  '*  persalts "  of  iron  contain  three  atoms  of  Fee,  is  at  variance 
with  the  plainest,  straightforward  method  of  representing  the  &cts  as 
they  stand  out  clearly  in  our  view.  It  serves  only  to  sustain  the  credit 
of  an  mmecessary  and  extravagant  hypothesis.  The  time  will  come 
when  chemists  will  hold  the  doctrine  of  the  sesquioxides  in  the  same 
respect  as  they  now  hold  the  doctrine  of  phlogiston,  which  is  its  exact 
parallel  in  common  sense  and  practical  utility. 

The  limits  of  this  essay  forbid  an  extension  of  these  illustrations^ 
eil^er  in  relation  to  iron  or  to  the  equivalents  of  other  elements.  Besides, 
tiiey  will  occur  in  abundance  to  any  reflecting  chemist  who  turns  his 
attention  to  this  subject. 
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Examples  of  Compound  Orgcmic  Radicals  and  the  Salts  that  contain 

them. 


C. 


I 
I 


2 
2 
2 
2 

2 
2 

2 
2 
2 


3 
3 

3 
3 

3 
3 
3 


3 
3 
3 


3 

4 


H. 


2 
3 


I 
I 
I 

2 
2 

3 

3 
3 
5 


3 
3 
4 
4 

5 
5 
5 


Radicals. 


5 
5 

7 


7 

2 


Fonnyl 


Vinyl    .     . 
Methyl .     . 


Acryl?.  . 
Allyl  .  . 
Propionyl  . 


Acetyl  .     . 


Ethyl    .     . 
Aciyl?  .    , 

Pteleyl .     . 


Propyl  .    . 


Lipyl    .     . 


H,CHO«. 

CH,CHO 

Pb,CHO 

CH»  .    . 

CiP,CH»0 

H,CH»   . 

CH",SO«. 

H,C?HO» 

H,C?HO" 

H,C»HO» 

H,C»IPO» 

H,C»H«0» 

H,(?H»0 

H,CIPO« 

H,C»H»0» 

H,(?IPO» 

H,C*BPO 

C*H»,CH»0 

H,CIPO 

H,CH»0« 

H,C»IPO» 

C»ir,NO« 

H,C»H*0* 

H,C»H*0» 

CJ«H*,C»H*0« 

H,C»H»0 

C»IP,C»H*0 

H,C*H^O 

H,C»H*  . 

H,C»H»0« 

C?H*,C»H*0» 

H,C»H*(>» 

H,C»H*0» 

eff,C»H*0« 

H,C»H70 

C»IF,NH« 

H,C»H'0« 

H,C*H«0« 


Salts. 


Formic  Add. 
PyrogalUc  Acid. 
Pyrc^allate  of  Lead. 
[Olefiant  Gas.] 
Methylic  Ether. 
Marsh  Gas. 
Methylic  Sulphate. 
Aconitic  Acid. 
Fumaric  Acid. 
Maleic  Acid. 
Succinic  Acid. 
Tartaric  Add. 
Aldehyde. 
Acetic  Add. 
Homolactic  Add. 
GlycoUic  Add. 
Alcohol. 
Ether. 
Acroleine. 
Acrylic  Add. 
Pjrruvic  Add. 
fNitrite  of  Pteleyl. 
Mucic  Add. 
Adipic  Acid. 
Adipate  of  Ethyl. 
Acrylic  Alcohol. 
Oxide  of  Allyl. 
Propionic  Aldide. 
Propylene. 

Propionic  Acid,  hydrate. 
Propionic  Acid,  anhydr. 
Lactic  Acid. 
Metacetonic  Add. 
Propylal. 
Propylic  Alcohol. 
Propylamine. 
Glycerine. 
Phtahc  Add. 


OOMFOUKD  ORGANIC  RABICAUS. 
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c. 

1 

H. 

RadicaK 

Salts. 

2 

H*,C*H«0«  .    . 

Tartaric  Acid. 

2 

H«,C*H«0»?     . 

Tartrelic  Acid. 

3 

H,C*H»0»?     . 

Tartrelic  Acid. 

4 

H*,eH*0«  .    . 

Metatartaric  Acid. 

' 

4 

IP,C*H*0»  .     . 

Malic  Acid. 

> 

■ 

Ag«,C*H*0»      . 

Malate  of  Silver. 

6 

Suberyl     . 

H,C*H«0*   .    . 

Suberic  Acid. 

7 

Butyiyl 

H,C*H'0    .    . 
H,C*IFO"    .    . 

Butyral. 
Butyric  Add. 

1 

9 

Butyl    .     . 

H,C*H»0    .    . 

Butylic  Alcohol. 

i 

(Valyl)      . 

C*H»,NO»    .    . 

Nitrite  of  Butyl 

^ 

3 

H,c»iro«  .   . 

Furfurol. 

3 

H,C»IPO»    .    . 

Pyromeconic  Add. 

3 

H,C»H"0»    .    . 

Pyromudc  Add. 

4 

H«,C*H*0*  .     . 

Citraconic  Acid. 

4 

Naphthaline 

c*H*,a .   .    . 

Chloride    of   Naphtha- 
line. 

' 

6 

H«,CH«0*  .    . 

Pyrotartaric  Add. 

7 

Angelyl     . 

H,O»H70»    .     . 

Angelic  Acid. 

7 

Camphoryl. 

H,C»H'0^   .    . 
C»H»,C»H'0     . 
C»H»,C»IF  .    . 

Camphoric  Add. 

Camphor. 

Turpentine. 

8 

H,C*IPO«    .     . 

Sebadc  Acid. 

9 

Valeryl .     . 

H,C»IPO    .     . 

Valeral. 

H,C»H»0'   .     . 

Valerianic  Acid. 

5 

II 

Amyl    .     . 

H,C*H"0   .    . 

Amylic  Alcohol 

6 

6 

2 

3 

H«,e'H«0*?.     .1 
H,C'H»0»?.     .J 

>   Comenic  Add. 

6 

5 

H»,C»H*(y  .    . 

Citric  Acid. 

' 

6 

5 

Phenyl ,     . 

H,C«H*0     .    . 
H,e'H*  .    .     . 
H,CTP;S«0*    . 

Pheude  (Phenic  Add). 
Benzine. 
Phenyl-Sulphuric  Add. 

6 

II 

H,G"H"0»  .     . 

Gludc  Acid. 

6 

II 

Caproyl     . 

Caproic  Add. 
Capral. 

6 

13 

Hexyl    •     . 

H,0»H«»O    .    • 

Caproic  Alcohol 

7 

I 

IP.C^O'   .    . 

Meconic  Add. 

7 
7 

3 

4 

H«,0'H*O»?  '  • 

Gallic  Acid. 

7 

5 

Salicyl  .     . 

H,C^H*0«?.     . 
H,CWO»?.     . 

Salicylous  Acid. 
Salicylic  Acid. 
Salicylic  Acid.  ? 

OROANIC  RADICALS. 


Oompoimd  Oi^anic  Badicals. 

ompoaod  isiUcaU  cont^ned  in  this  Table  are  compoiuids  of 
nd  hydrogen  only.  They  are  free  from  oiygen,  nitnMen, 
and  sulphur.  They  vary  greatly  in  composition,  from  For- 
I  toMyricyl  =  (?'H". 

Die  of  these  radicals  I  have  applied  the  names  by  which  they 
Donly  known ;  to  others  the  names  that  are  sometimes  applied 
[  sbonid  call  their  oxides ;  while  many  of  tbeni  are  still  widiout 
To  assist  in  their  ideuti6cation,  I  have  cited  a  variety  of  salts 
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that  are  commonly  assumed  to  contain  them.  The  formulae  of  these  salts 
are  written  according  to  the  plan  advocated  in  this  paper,  and  to  be  ex- 
plained in  a  subsequent  section. 

A  difficulty  in  applying  names  to  these  radicals  arises  £rom  the  &ct, 
that  the  same  combination  of  carbon  and  hydrogen  apparently  acts  as  a 
radical  in  salts  of  very  different  character.  Thus,  the  compound  CB? 
seems  to  represent  acryl,  allyl,  propionyl,  and  the  radicab  of  the  lactic 
and  metacetonic  acids.  So  also  CH*  represents  phenyl  and  the  radical 
of  the  citric  add.  Whether  in  such  cases  we  have  to  do  with  <xie 
radical  or  with  more  than  one,  it  is  at  present  impossible  to  determine. 
It  is  not  unlikely  that  some  of  these  are  synonymous  terms  for  the  same 
thing,  and  may  hereaf^ier  be  dispensed  with. 

I  accept  these  radicals,  theoretically,  as  the  chemical  equivalents  of 
atoms  of  the  elements.  Whatever  may  be  the  compleuty  of  the 
constitution  of  a  radical — whatever  the  number  of  its  atoms  of  carbon 
and  hydrogen — I  consider  that  it  forms  one  molecule ;  that  its  chemical 
action  is  tiiat  of  one  atom  or  one  equivalent ;  that  when  it  acts  as  an 
acid  radical,  it  replaces  one  volume  of  chlorine  or  combmes  w^ith  one 
volume  of  hydrogen ;  that  when  it  is  a  basic  radical,  it  combines  with 
one  volume  of  chlorine,  or  replaces  one  volume  of  hydrogen.  A  com- 
pound radical  is  in  all  respects  the  chemical  equivalent  of  one  atom,  or 
one  volume,  of  any  element,  except  oxygen. 

The  assumption  of  the  existence  of  these  radicals'is  purely  theoretical. 
The  evidence  in  support  of  the  assumption  is  to  be  given  in  the  following 
pages. 

Let  me  repeat,  that  I  speak  of  radicals  that  contain  carbon  and 
"hydrogen  only.  Compounds  that  contain  oxygen  or  nitrogen  are  of  a 
totally  different  character. 


The  materials  for  this  table  have  been  principally  derived  from 
Gmelin's  Handbook  of  Chemistry  and  Gerhardt's  TrcM  de  CJiimie 
Organique.  The  table  is  not  to  be  considered  as  presenting  anything 
more  than  a  selection  of  examples  to  illustrate  what  I  mean  by  com- 
pound radicals  and  their  combinations.  Those  who  desire  more  det£uled 
information  may  consult  the  two  systematic  works  that  I  have  just 
named. 
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Composition,  Specific  Gravities,  Atomic  Weights,  and 
Atomic  Measures  of  Gases  and  Vapours. 

The  compounds  named  in  tliis  Table  exceed  three  hundred.  They 
are  arranged  alphabetically,  according  to  the  names  in  common  use. 
They  have  formulae  according  to  the  system  described  in  this  Essay.  The 
following  particulars  are  given  of  each  compound : — 

1.  The  observed  specific  gra>'ity  of  the  gas,  stated  against  that  of 
atmospheric  air  taken  as  unity ;  with  the  name  of  the  observer. 

2.  The  observed  specific  gravity  stated  against  the  specific  gravity  of 
hjdrogen  gas  taken  as  unity. 

3.  The  atomic  weight  of  each  compound  on  the  hydrogen  scale. 

4.  The  theoretical  specific  gravity  on  the  same  scale. 

5.  Under  the  head  of  atomic  measure  I  have  given  the  number  of 
volomes  which  contain  an  atom,  or  equivalent,  of  each  gas. 

In  connection  with  the  proposal  to  mark  the  specific  gravities  of 
gases  in  numbers  relating  to  their  atomic  weights,  I  take  this  opportunity 
of  suggesting,  that  the  vessels  in  which  chemists  are  accustomed  to 
measure  gases,  might  be  graduated  in  such  a  manner  as  to  indicate  the 
weight  of  the  gases.  This  can  be  effected  by  adopting,  as  a  standard  gas 
measure,  a  ves^  that  contains  one  grain  of  hydrogen  gas,  the  volume  of 
which  at  60°  F.,  and  30  ins.  Bar.,  is  467  cubic  inches.  This  vessel  may 
be  divided  into  100  spaces,  each  of  which  will  contain  i-tv  grain  of 
hydrc^en  gas.  A  vessel,  one-tenth  of  that  size,  =  4!  cubic  inches, 
divided  into  100,  would  have  divisions,  each  =  xwuw  grain  of  hydro- 
gei  gas.  The  weight  of  any  gas  measured  in  these  vessels  Would  be 
fotmd  by  multiplying  the  measure  of  the  gas  by  its  specific  gravity, 
acooiding  to  the  theoretical  number  given  in  the  following  Table.  Thus, 
80  measures  of  dry  nitrogen  gas  collected  in  the  small  tube,  at  30  ins. 
Bar.  and  60° F.,  would  weigh  0*080X14  =  1*12  grain.  Of  course, 
oorrectioDS  upon  the  measure  of  a  gas,  collected  over  water  at  another 
temperature,  and  under  a  different  pressure,  would  have  to  be  made  as 
isoaL  Vessels  thus  graduated  would  be  useful  for  class  experiments, 
as  w^  as  for  saislyii^  purposes.  To  give  one  example, — ^A  receiver 
&x  showing  the  combustion  of  phosphorus  in  oxygen  gas,  may  be 
known  to  contain  10  grains  of  hydrogen  gas.  The  question  is,  how 
much  chlorate  of  potash  will  afibrd  oxygen  gas  sufficient  to  fill  it.  10 
gnuns'  of  H  =  10  atoms  of  H  =  10  atoms  of  O.  The  formula  of 
chklfBte  of  potash  being  KCIO",  the  quantity  required  is  3  j  atoms,  and 
taking  the  atom  of  this  salt  at  122*5  gi^^^'  ^^  ^^^  ^^  122^  X  3I  = 
4081  grains  of  the  chlorate  of  potash  will  give  the  requisite  quantity  of 
oxygen  gas. 
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No  hypothetical  specific  gravities  are  given  in  this  Table.  No  gases 
are  admitted  but  such  as  have  been  actually  produced,  and,  with  a  few 
exceptions,  weighed.  Hence  carbon,  fluorine,  boron,  silicon,  antimony, 
zinc,  tellurium,  &c.,  are  excluded.  The  Table  therefore  represents  in  its 
weights  and  measures,  a  mass  of  facts.  The  formulsB  alone  are  theo- 
retic. It  enables  us  to  take  a  comprehensive  and  trust\vorthy  survey 
of  that  chemical  region  which  consists  of  gases  and  vapours.  It  shows 
as  on  experimental  evidence  the  weight,  the  measure,  and  the  ultimate 
composition,  and  theoretically  the  proximate  constitution,  of  above  three 
hundred  well-known  volatile  bodies.  Of  that  large  field  we  have  an  ac^ 
curate  bird's-eye  view.     What  do  we  see  there  ? 

First  of  all  we  perceive,  that  all  the  hydrocarbons  that  act  as  radicals, 
all  those  which  in  combination  displace  an  atom  of  hydrogen  or  of  chlo- 
rine, have,  in  an  isolated  state,  an  atomic  measure  of  one  voltune.  They 
are  consequently  the  equivalents  of  one  volume— of  one  atom — of  one 
equivalent  of  hydrogen.  That  is  the  case  with  all  the  radicals  that  have 
yet  been  isolated ;  with  methyl  whose  specific  gravity  is  i^,  with  ethyl 
=  29,  with  acryl  =41,  with  butyl  =57,  and  with  amyi,  whose  spe- 
cific gravity  is  7 1 ;  all  these  radicals  difiering  so  greatly  in  their  density, 
have  an  atomic  measure  equal  to  that  of  hydrogen,  whose  specific  gravity 
is  I.  Dr.  Frankland  fixed  the  atomic  measures  of  ethyl,  of  methyl,  and 
of  amyl,  at  two  volumes  each,  and  Dr.  Hofmann  argued  that  it  ought 
to  be  four  volumes.  But  horn,  the  peculiar  point  of  view  which  is 
recommended  in  this  Essay,  the  theoretical  measure  is  seen  to  be  only 
one  volume,  and  the  experimental  evidence  proves  that  each  compound 
radical  is  equivalent  to  one  volume  of  hydrogen. 

Secondly,  it  appears  that  there  are  1 2 1  compounds — ^two-fifths  of  the 
whole — ^which  have  in  conmion  these  two  properties :  they  form  two 
volumes  of  vapour,  and  they  contain  two  radicals.  These  radicals  are 
in  some  cases  simple,  in  others  compound ;  sometimes  they  are  oxidised ; 
sometimes  not  oxidised ;  but  the  compounds  all  agree  in  the  two  leading 
characters,  that  there  are  two  radicals  in  every  compound,  and  that  every 
compoimd  forms  two  volumes  of  gas. 

By  arranging  these  compounds  in  groups,  we  shall  show  clearly  the 
evidence,  and  the  peculiarities,  of  their  binary  constitution. 

First  Group, — Combinations  of  compound  radicals  with  one  another. 
7  examples: — 


OIP,C*H" 
C*H^e'H" 
CTa*,C*H» . 
C«H»,C?H" 
CIP,CrH» . 
C*H»,C*H'  orl 
C*H»,C*H7     [     • 
C»H'S(7H*     .     . 


Butyl-amyl. 

Butyl-hexyl. 

Ethyl-butyl. 

Ethyl-amyl. 

Methyl-hexyl. 

Campholene. 

Hetuiole. 


I 
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All  these  radicals  belong  individually  to  the  class  of  basic  radicals,  yet 
the  difbrences  between  them  are  sufficient  to  enable  them  to  act  as  basic 
i&d  add  in  respect  to  one  another.  The  electro-chemical  force  is  still 
present,  perhaps  in  feeble  action,  but  in  action  quite  sufficient  for  the 
purpose  of  ensuring  combination. 

Second  ^roup.— Compounds  of  hydrogen  with  a  compound  radical. 
{Hydrides.) 

1 8  Examples: — 


H,CIP,    .    . 

Methyl  hydride  (marsh  gas). 

H,(?H*     .     . 

Ethyl  hydride. 

H,C-H*     .     . 

Propylene. 

H,C*H^       ;      . 

Butyrine. 

H,C*H*     .     . 

Butyl  hydride. 

H,C»IF     .     . 

Likene. 

H,C*H»     .    . 

Valerine  (Amylen). 

H,C»H"    .     . 

Amyl  hydride. 

H,C«H*     .     . 

Phenyl  hydiide  (Benzine). 

H.CH"    .     . 

Hexylene.     Caproiline. 

11,C^H'     .     , 

Toluine. 

H,(7H'     .     . 

Retinnaphtha.  t 

H,C»H"    .    , 

Mesitylol. 

H,C»H"     . 

Retinvl  ? 

Caprv-lejie.     Octylene. 

H,C»H"    .     . 

H,CH'»    . 

Chimenyl  hydride. 

H,C»«H"   .    . 

Thymyl  hydride. 

H,C"IP'   .    . 

Cetene.     Palmityl  hydride. 

Third  Group, — Compoui 

ids  of  hydrogen  with  an  oxide  of  a  compound 

radical ;  or,  it  may  be,  con 

ipounds  of  a  compound  radical  with  oxide  of 

hydrogen,  thus    OH«,HO, 

&c 

{Alcohols.    Hydrated  oxides.    Aldides,) 

1 8  Examples : — 

H,CH»0    . 

Methylic  alcohol. 

H,(?H»0  . 

Aldehyd. 

H,C*H»0  . 

Alcohol. 

H,C»H»0  . 

Acroleine. 

H,C'H»0  .     , 

Acrylic  alcohol.       « 
Propionic  aldide.   J 

H,C»H»0  .    . 

H,C»H'0  .    . 

Propylic  alcohol. 

H,C*H'0  . 

Butyral. 

H,CWO  .     . 

Butylic  alcohol. 

H,c»iro  .    . 

Angelyl  hydrate. 

H,C»KPO  . 

Valeral. 

H,C?H"0  . 

Amylic  alcohol. 

H,CH»»0. 

Caproic  alcoboL 

H,(7H«0 .     , 

Oenanthol. 

H,(7H»0 . 

Castor  oil  alcohol. 

H,C»H'70.    . 

Caprylic  alcohol. 
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J,C»H"0    .     .     .     Camyl  hydrate. 
i,C'"H"0    .     .     .     Essence  of  anis. 
>ttp. — Componnds  conaistiag  of  a  componnd  radical,  com' 
oxide  of  Uie  same  radical.    {Ethers.     Oxitia.) 

:;H',CH^)    .     .     .     MethyLc  ether. 
?H',CIPO.     .     .     Ether. 
isCH*,  AsCr-ITO  .     Glide  of  cacodyl. 
p. — Componnda  containing  a  compoand  radical,  combined 
of  a  different  compound  radical.     (^Compound  Bkhers  and 


Acetone  [methyl  and  acetyl.] 

Lignone. 

Ethylate  of  methyl. 

Amykte  of  methyL 

Amylate  of  ethyl. 

Ethyl-heptyl  ether. 

Batyrone. 

Cyanate  of  ethyl. 

CWphor. 

Peppensint  Camphor. 

Cedrole. 


CH'.CH'O   .    . 
CH'.CHH)  .    . 

CH'.CH"0.     . 

CH',(?H"0     . 

CH^0'H'*O      . 

CH'.CH'O      . 

C'H'.CNO    .     . 

C'H'.CH'O.     . 

CH",C»H'0'   . 

eH",CTI"0?  . 

CH'.CH'O?    . 

up, — Compounds  containing  oxide  of  hydivwen,  combioed 

e  of  a  compound  radical     Thud :  HO  +  CHO  =  HCHO*. 

^ganic  Acids.) 

H,CHO*.     .    .     .     Fonnicadd. 
H.CH'O*    .    .    .    Acetic  acid. 
H.CH'C     .     .     .     Butjricacid. 
H.CffO'     .     .     .     Furfiirol. 
H.CITO'     .     .     .     Valerianic  acid. 
H,CH"0*    .     .     .     Cuproicacid. 
H.aHKf     .     .     .     Benzoic  acid. 
H,C'H"0'    .     .     .     Oenanthylic  acid. 
H,C"'H"0'  .     .     .     Campholic  acid. 
■roup. — Compomida  containing  an   oride  of  a  compound 
lined  with  an  oxide  of  a  different  compound  radical.    Thus : 
0  =  CH',CHO'.     (SaUs  of  Msthi/l.  £%I,    Amt/l,  Butyl, 
gank  Adds.) 
ple.s:- 

CH"  ,CHO»  .     .     .     Methyl,  fbrmiate. 
CHSCITO'     .     .    MeUiyl,  aceute. 
CH'.CH'O'      .     .     Methylal. 
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CH»  ,c*iro» 

CH«  ,CrH"0« 
CH»  ,0  H*  O" 
CH*  ,C-H»*0« 
OW  ,CHO« 
C?H»  ,C«H«0* 

c*H*  ,c*iro« 

CH*  ,C»IPO« 
CH*  ,CTi"0« 
(?H*,(7H»0« 
C«H»  ,C"H»*0" 

cw*  ,(?iro» 

CTI*  ,C»«H"0» 
C*H',C?IPO' 
C*H",CH»0* 
C*H",C*H»0« 


Methyl,  bufyrate. 
Methyl,  caproate. 
Methyl , .  benzoate. 
Methyl,,  caprylate. 
Ethyl,  fonniate. 
Ethyl,  acetate. 
Ethyl,  butyrate. 
Ethyl,  butylate. 
Ethyl,  valerianate. 
Ethyl,  caproate. 
Ethyl,  benzoate. 
Ethyl,  caprylate. 
Ethyl,  cinnamate. 
Ethyl,  ciuninate. 
Ethyl,  laurate. 
Butyl,  acetate. 
Amy],  acetate. 
Amyl,  valerianate. 


Eighth  Group, — Compounds  containing  an  oxide  of  a  metalloid,  com- 
bined with  an  oidde  of  a  compound  radiod.     {Nitritei.) 
4  Examples: — 

OIF  ,N0^     .     ,     .    Nitrite  of  toluine  (nitrobenzoene), 
(7H*,N0*      .     .     .     Nitrite  of  ethyl. 
CT3*  ,N0*      .     .     •     Nitrite  of  phenyl  (nitrobenzide). 
C»H",NO«      .     .     .     Nitrite  of  amyl. 
Nwth  Groii^, — Compounds  consisting  of  a  compound  radical,  com- 
bined with  a  metalloid.     (^Chhrides^  lodideSy   Bromides^   FlvorideSj 
and  Cyanides,) 


21  Examples: — 

C^«,C1    .     .     . 

.     Chloride  of  acetyl. 

C*H",C1    .     .     . 

•     Chloride  of  amyl. 

c*ip,a  .    .    . 

.     Chloride  of  butyl. 

AsCH*,a   .     .     . 

.     Chloride  of  cacodyl. 

CH*,C1   .     .     . 

.     Chloride  of  ethyl. 

Cff,Cl   .     .     , 

.     Chloride  of  methyl. 

C«H»,Br  .     .     . 

.     Bromide  of  acetyl. 

C*H»,Br  .     .     . 

.     Bromide  of  butyl. 

C^*,Br  .     .     . 

.     Bromide  of  ethyl. 

CH»,Br  .     .     . 

.     Bromide  of  methyl. 

CH»,I     .     . 

.     .     Iodide  of  acetyl. 

C»H",I     .     . 

.     .     Iodide  of  amyl. 

C*H»,I     .     . 

,     .     Iodide  of  butyl. 

C«H»J     .     . 

.     •     Iodide  of  ethyl. 

CHM     .     . 

.     .     Iodide  of  methyl. 

CIP,F     .     . 

.     .     Fluoride  of  methyl. 

f2 
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AsC«H«  ,Cy 
C  H»  ,Cy 
OH»  ,Cy 
CH*  ,Cy 


.     Cyanide  of  amyl. 
.     Ci^anide  of  cacodyl. 
.     Cjanide  of  methyl. 
.     Cyanide  of  butyl. 
.     Cyanide  of  phenyl. 
Tetvth  Gmiip. — Compounds  containing  a  compound  radical,  combined 
with  an  oxide  of  a  metalloid.     {Oocychlmides,  &c.) 
2  Examples : — 

C'H*,C10  .     .     .     CliloBide  of  benzoile. 
C*H»,C10   .     .     .     Oxychloride  of  acetyl. 
Eleventh  Group. — Compounds  of  various  orders,  all  containing  three 
atoms  of  oxygen, 
6  Examples : — 

C*H*,C*IPO*  .  .  Anhydrous  acetic  acid. 
C*IF,C*H'0*  .  .  Anhydrous  batyric  acid. 
C«H*,C'H* ;  C  0»  .  Carbonate  of  ethyl. 
C*H*,C'H*;  S*0»  .  Sulphite  of  ethyl. 
C*H*,C*H^O'  .  .  Pyromucate  of  ethyl. 
CH»,NO»  .  .  .  Nitrate  of  methyl. 
The  compounds  enumerated  in  these  eleven  groups  amount  to  1 2  r. 
Their  properties  are  remarkable.  They  all  contain  two  radicals.  They 
all  produce  two  volumes  of  gas.  Most  of  them  contain  two  compound 
radicals.  A  few  contain  one  simple  and  one  compound  radical.  When 
these  radicals  are  isolated,  each  of  them  (as  far  as  our  knowledge  ex- 
tends), forms  a  single  volume  of  gas :  consequently,  they  all  combine 
with  one  another  without  suffering  condensation.  The  relation  of  the 
compounds  to  oxygen  is  as  follows : — 46  of  them  contain  no  oxygen ;  3  5 
contain  one  atom ;  34  contain  two  atoms ;  and  6  contain  three  atoms  of 
oxygen.  Whatever  the  quantity  of  oxygen  present,  each  componnd 
has  merely  the  gaseous  volume  that  is  proper  to  its  two  radicals.  This 
is  equally  the  case,  whether  the  radicals  are  simple  or  compound, 
whether  the  quantity  of  oxygen  is  one,  or  two,  or  three  atoms,  or  none. 
The  oxygen  increases  the  weight  of  the  radical,  but  adds  nothing  to  its 
measure.*  With  hydrogen  the  results  are  entirely  different.  Am/  quan- 
tity of  carbon  and  hydrogen,  which  is  combined  by  the  organising  powers 
of  nature  into  a  compound  radical, — from  tioo  atoms  (Formyl  =  CH)  up 
to  thirty-Jive  atoms  (Lauryl  =  CH**)  is  condensed  into  a  single  volume 
of  gas,  which  is  chemically  equivalent  to  a  single  volume  of  hydrogen ; 
but  we  cannot  experimentally  combine  with  one  of  these  radicals 
another  volume  of  hydrogen  without  producing  a  hydride  which  measures 
two  volumes.  Thus,  oxygen,  which,  when  separated  from  other  elements, 
can  be  obtained  only  in  the  state  of  gas  when  it  goes  into  gaseous  com- 
bination with  compound  radicals,  loses  its  volume,  and  adds  only  to  the 
weight  of  the  comjx)und,  and  nothing  to  the  measm*e.  How  is  it  that, 
this  remarkable  fact  has  hitlierto  escajxKl  the  notice  of  chemists?     Is  it 
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not  a  powerful  argoment  in  support  of  the  theory  of  the  separate  exist- 
ence of  the  compound  radicals  ?  The  difference  between  oxygen  and  all 
other  elements  proves  clearly  that  oxygen  is  not  a  radical,  and  is  never 
the  equhadUnt  of  a  radical ;  not  one  of  the  1 2i  salts  enumerated  in  the 
feregoing  groups,  can  exchange  either  of  its  radicals  for  oxygen,  though 
radicals  can  be  substituted  for  radicals,  either  single  or  compound,  to  any 
extent  whatever.  Hence,  all  the  arguments  that  have  been  urged  iii 
&voar  of  the  hypotheses,  that  one  volume  of  oxygen  is  the  equivalent 
of  two  volumes  of  hydrogen  and  of  two  volumes  of  chlorine,  fall  to  the 
groand. 

From  the  facts  disclosed  by  this  survey,  I  think  we  may  draw  the 
general  conclusions,  that  all  salta  are  binary  ;  that  they  are  compounds 
rormed  of  two  radicals,  which  may  be  simple  or  compound,  oxidised  or 
not  oxidised. 

The  evidence  that  has  been  brought  forward  in  support  of  this  theory 
is  twofold ;  first,  that  which  consists  in  an  attempted  refutation  of  the 
hypothesis  of  sesquioxides,  and  secondly,  the  evidence  supplied  by  the 
physical  constitution  of  the  gases,  and  which  may  be  termed  the  argvr 
msnt  from  gaseous  volumes.  The  evidence  that  would  be  obtained  by 
comparing  the  compounds  that  are  volatile,  with  the  immense  mass  of 
corresponding  organic  compounds  that  are  not  volatile,  may  be  called  the 
argwment  from  analogy.  It  is  an  argument  of  great  weight,  but  its 
oompiehemjiveness  unfits  it  for  the  limits  of  this  Essay.  I  shall  in  the 
IbOowing  pages  adduce  a  few,  but  only  a  few,  illustrations  of  this 
character. 

The  radical  theory  modifies  in  a  peculiar  degree  the  chemical  character 
which  is  usually  ascribed  to  oxygen.  Hitherto,  chemists  have  been 
accastomed  to  consider  oxygen  as  a  centre  round  which  all  other  elements 
gyrated — ^the  sun  of  the  chemical  planetary  system.  But  the  radical 
theory  proves  to  us,  that  the  substantive  elements  of  a  salt,  whether  it 
is  acid,  alkaline,  or  neutral,  are  the  two  radicals  which  it  contains. 
Without  two  radicals  there  can  be  no  salt.  Without  oxygen  we  can 
have  many  salts.  Any  two  radicals,  simple  or  compound,  can  form  a 
salt,  with  no  oxygen,  with  one  atom,  or  two,  or  three,  or  four  atoms  of 
oxygen.  The  equivalency  of  the  radicals  is  not  affected  by  the  presence 
or  absence  of  oxygen.  Those  salts  which  have  no  oxygen  are  as  perfect 
in  their  characters  as  those  which  have  much  oxygen.  Those  salts  which 
are  gaseous  have  no  increase  in  volume  from  the  acquisition  of  oxygen. 
A  volume  of  hydrogen  in  combination  (not  forming  part  of  a  radical) 
jneasiires  a  volume,  so  does  a  volume  of  chlorine.  One,  two,  or  three 
Tohimes  of  oxygen  in  combination,  measure  nothing.  Oxygen,  therefore, 
is  not  a  radical,  or  sdJUt former,  in  the  sense  in  which  hydrogen,  chlorine, 
the  metals,  and  the  hydrocarbons  are  radicals.  A  volume  of  it  is  not 
the  equivalent,  either  of  one  volume,  or  of  two  volumes  of  hydrogen  or 
of  chlorine.  Its  action  is  peculiar  to  itself,  and  not  a  property  which  it 
bK^ds  in  common  with  other  elements.     In  forming  our  notions  of  salts» 
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and  in  framing  our  plana  for  their  classificHtion,  we  should  conseqne 
do  so  without  r^;ard  to  the  presence  or  absence  of  oxygen.  For 
nnson,  we  eay  that  a  compound  of  two  radical!)  is  a  salt,  whether 
radicalsare  oxidised  or  not  And  by  enlarging  our  conception  of  the  v 
*'  radical,"  so  that  it  signifies  either  elements  or  compound  radicals, 
arc  provided  with  a  theory  of  the  salts  that  applies  equally  to  inoi^ 
and  to  organic  chemistry. 

Oxygen  is  not  only  unnecessary  to  the  existence  of  a  salt,  but  it  is 
even  the  oaA-farmeT  in  the  sense  that  many  chemists  so  cooside 
Even  among  inorganic  compounds,  oxygen,  as  was  many  yeais 
pointed  out  by  Davy,  is  not  the  cause  of  acidity.  Chlorate  of  potass 
=  KCl  is  a  neutral  salt,  and  when  three  atoms  of  oxygen  are  ad 
producing  chlorate  of  potash  ~  KCIO*,  the  salt  is  still  nentral. 
hydrate  of  chloric  acid  =  HCIO*  is  an  acid.  Remove  all  the  oxy 
leaving  hydrochloric  add  =  HCl,  and  the  compound  is  stilt  add, 
among  compound  organic  radicals,  the  presence  or  the  quantity  of  or 
is  not  the  cause  of  acidity.  An  acid  requires  the  presence  of  an 
radical.  An  acid  radical  can  sometimes  be  produced  by  the  actic 
oxygen  on  non-acid  compounds,  bnt  even  then  the  acid  is  seldom 
result  of  the  mere  addition  of  oxygen.  Other  circumstances  opera) 
this  end,  and,  among  these,  one  of  the  most  important,  as  respects 
hydrocarbons,  is  the  right  oppwHonmwit  of  (Aeir  la/dnigen  to 
carbon.  In  illustration  of  this  point,  the  following  Table  presei 
selection  of  compound  radicals,  arranged  in  such  a  manner  as  to  show 
relation — the  radicals  which  contain  the  greatest  relative  quantil 
hydrogen  being  placed  first  in  the  list : — 


i   j    a-057 

C"H»' 

1   '    2-062 

C"H» 

Cetvl. 

I   1    3-037 

C^H" 

Cer'vl. 

I       2-033 

C"H" 

Mvricyl. 

C  H* 

Olefiant  Gas  (Vinyl). 
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Taking  into  consideration  the  properties  and  the  composition  of  the 
oompoimds  named  in  this  list,  we  seem  to  be  warranted  in  drawing  the 
ibUowing  Gondusions : 

1.  That  carbon  acts  as  an  acid  radical ;  that  hydrogen  acts  as  a  basic 
radical ;  and  that  radicals  containing  the  two  elements  act  as  acid  or  basic, 
according  as  the  carbon  or  the  hydrogen  exceeds  a  certain  proportion. 

2.  That  the  compound  CH'  is  one  in  which  the  acid  properties  of  the 
carbon  are  neutraUzed  by  the  basic  properties  of  the  hydrogen.  This 
compoond  is  oUfiant  gas,  called  by  BerzeUns  elai/U  and  by  Gmelin  vme^ 
a  term  which  might  with  convenience  be  translated  into  Vinyl,  which 
tenn  I  propose  to  employ. 

3.  Compound  radicals  that  contain  any  proportion  of  hydrogen 
greater  than  that  of  H*  to  C^  are  basic.  Those  that  contain  ^y  pro-, 
porticxi  of  hydrogen  less  than  that  of  H*  to  C\  are  acid.    Thus — 

C*H"    -  Myricyl    .     .     A  basic  radical. 
CH«       =Vinyf      .     .     Neutral. 
C~H*    =  Melissyl  •     .     An  acid  radical. 

Hence  the  basic  radicals  occur  in  the  a}x>ye  list  before  Vinyl,  and  the 
acid  radicals  afber  it.  I  speak  only  in  a  general  sense,  and  do  not  mean 
to  gire  to  this  observation  the  character  of  a  fixed  and  absolute  law.  But 
supposing  the  law  to  be  only  approximately  true,  this  list,  notwith- 
standing its  iin^larities,  may  serve  in  organic  chemistry  the  same  pur- 
pose that  Berzelius's  electro-chemical  arrangement  of  the  elements  serves 
in  inorganic  chemistry,  namely,  as  a  formal  guide  in  the  arrangement  of 
basic  and  add  radicals.  Notwithstanding  the  irregularities,  it  is  evident 
that  we  may,  with  propriety,  decide  between  any  two  radicals,  that  the 
one  which  contains  the  greater  proportion  of  hydrogen  is  the  more  basic 
of  the  two.  According  to  this  rule,  methyl  is  more  basic  than  ethyl, 
ethyl  than  propyl,  propyl  than  amyl,  and  so  on,  through  the  whole 
nmge  of  the  hydrocarbons.  There  are  exceptions  to  this  rule,  but 
perhaps  not  more  than  occur  in  Berzelius's  electro-chemical  list  of  the 
dements.  It  is  a  great  point  gained,  if,  setting  oxygen  aside,  we  can, 
fixm  t^e  mere  inspection  of  the  fomiulee  of  the  hydrocarbons,  distinguish 
the  basic  firom  the  acid. 

The  present  uncertain  practice  of  chemists  in  their  dealings  with  salt 
ladicaLs,  shows  the  necessity  of  adopting  some  decisive  method  of  di&- 
finguishing  the  basic  ladicaLs  from  the  acid.  When  Professor  Williamson 
discovered  his  compound  ethers,  he  was  unable  to  name  them  in  accord- 
ance with  any  commonly  understood  system ;  and  consequently  he  gave 
to  each  compound  a  series  of  sf/nom/mes.     Thus  the  compound  which 

contained  ^m  O  was  called  the  three  carbon  ether,  the  ethylate  of  methyU^ 

and  the  mdhylaU  ofethyU,  Now  upon  the  principle  that  we  have  just 
kid  down^  methyl  must,  in  all  cases,  be  held  to  be  basic  against  ethyl. 
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the  relation  of  the  hydrogen  to  the  carbon  being  3  to  i  against  2^  to  i. 
Hence,  the  difficulty  of  naming  the  compound  is  avoided,  and  oar 
memories  are  spared  the  infliction  of  useless  synonymes. 

It  would  be  easy  to  refer  to  innumerable  examples  in  the  writings  of 
Gerhardt,  which  show  the  want  of  this  principle  of  classification.  He 
finds,  for  example,  a  compound  containing  benzyl  and  acetyl,  with  three 
atoms  of  oxygen,*  =  CH*4-(7H*+0*,  and  he  calls  it  "  aoetk  benzoate 
or  benzoic  acetate,^*  Again,  he  finds  a  similar  compound  containing 
acetyl  and  cumenyl  =(?H"+C**H"+0*,  and  he  is  uncertain  whether 
to  call  it  acetio  cummate  or  cumnic  acetate.  Such  difficulties  are  imme- 
diately resolved  by  the  rule  that  has  been  proposed,  according  to  which 
acetyl  is  to  be  considered  as  decidedly  basic  towards  both  benzyl  and 
oominyL 

It  is  not  proposed  to  investigate  in  systematic  detail  the  proximate 
composition  of  the  compound  radicals,  but  in  reference  to  the  question 
whetiier  oxygen  is  the  acidifying  principle,  and  to  one  or  two  doctrines 
that  depend  upon  the  answer  to  that  question,  it  will  be  useful  to  adduce 
a  few  special  illustrations. 

Eeduction  of  Basic  Eadicals  to  Acid  Eadicals. 

A  remarkable  relation  exists  between  many  basic  radicals  and  add 
radicals,  taken  in  pairs.  Vinyl  =  CH"  being  the  point  of  neutrality, 
certain  basic  radicals  taken  from  above  it  in  the  list,  are  related  to  par- 
ticular acid  radicals  taken  from  below  it,  the  difference  in  compositkHi 
between  the  pair  being  that  of  two  atoms  of  hydrogen.     Examples : — 

Basic  Radicals,  Acid  Badioals, 

Methyl    =CH»-IP  =  CH    =  Formyl. 
Ethyl      =  C«H»  -  H»  =  C»IP  =  Acetyl. 
Propyl     =:CJ»H^-H"  =  C»H»  =  Propionyl. 
Butyl      =C*IP  -H«  =  C*IF  =  Butyryl. 
Amyl      =  C»  H»  -  H»  =  C»  H»  =  Valeryl. 
Myricyl  =  C*H«  -  IP  =  C~H»  =  Melissyl. 

From  this  it  appears  that  a  Basic  Hydrocarbon — no  matter  what 
may  be  the  complexity  of  its  composition,  is,  according  to  theory,  con- 
vertible into  an  Acid  Hydrocarbon  by  any  process  which  withdraws  fixMn 
it  two  atoms  of  hydrogen,  that  being  the  constant  diffei'ence  between  a 
basic  radical  of  the  kind  referred  to  and  its  corresponding  acid  radical. 

Is  this  theoretical  vision  practically  true  ?  Can  we  convert  a  basic 
radical  into  an  acid  radical,  by  withdrawing  from  it  two  atoms  of  hydro- 
gen ?  If  the  answer  to  that  question  is  yes,  then  the  process  of  acidifi- 
cation— ^I  am  speaking  of  the  acidification  of  hydrocarbons  only — counts, 

'  Quarterly  Journal  of  the  Chemical  Society  (1852),  V.  227. 
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n  of  oxygen,  but  primarily  and  essentiaily  in  the 
of  hydrogen  from  the  compound  radical  that  ja 
ver  to  the  inqiiiiy  is,  practically,  in  the  affirma- 
erabje  class  of  radicak.  Any  chemical  i^;ent, 
t,  such  as  the  galvanic  current,  which  can  sepa- 
of  the  kind  r^ened  to  two  atoms  of  hydn^en 

or  performs  the  essential  p»rt  of  the  operatioti 
(ion.  Oiygen,  therefore,  thoi^h  the  common 
d  chiefly  because  of  the  fecijity  with  which  it 
bydrr^en  into  an  atom  of  water  and  so  removes 
he  acidifying  principle.  Chlorine  can  be  made 
the  galvanic-battery  can  be  made  an  acidilying 

separate  bydn^en  from  a  basic  radical,  and  so 
dical. 

Lcid  BadicaJs  to  Basic  Radicals. 

aisory  manner  the  composition  of  the  radicals 
t  that  the  basic  radicals  appear  to  conaist  of  a 
.',  added  to  a  single  atom  of  hydrogen  =  H, 
ippear  to  consist  of  a  multiple  of  vinyl  =  CIP, 
of  formyl  =  CH.  It  follows,  that  if  we  can 
al  a  single  atom  of  carbon  =  C,  we  can  destroy 
nd  convert  it  into  a  basic  radical.     Take  the 

lb.  Baac  RadicdU. 

=  C  H  -  C  =      H  =  Hydr<»en. 

=  CTP  -  C  =  C  IP  =  Methyl. 

=  (?H'  -  C  =  cm"  =  Ethyl 

=  CH'  -  C  =  CTP  =  Propyl. 

=  CH'  -  C  =  CH"  =  Butyl. 

rreticaOy,  in  our  power,  by  an  alternate  abstrac- 

1'  and  C  to  make  it  alternately  acid  or  basic, 

■e  of  reductions  till  we  come  at  last  to   tite 

H;  for— 

yl        -  IP  is  Valeryl. 

eryl      -  C    „  Butyl. 

yl         -  IP  „  BotyryL 

yryl     —  C    „  Propyl. 

pyl       —  H"  „  Propionyl, 

pionyl  —  C    „  Ethyl. 

yl        -  IP  „  Acetyl. 

tyl       -  C    „  Methyl. 

iyl      -  IP  „  Formyl. 

myl      —  C    „  Hydrogen. 
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Experimental  Beduction  of  Badicals. 

What  is  here  assamed  to  be  theoretically  possible,  can,  to  a  certain 
extent — I  do  not  know  to  how  limited  an  extent — be  performed  expe- 
rimentally. Kolbe  has  shown'  that  by  the  electrolysis  of  a  valerianate 
==K,C*H^O«,  valeryl  =  C*H"  is  converted  into  butyl  =  C*H%  and  that  by 
the  electrolysis  of  an  acetate  =  K,C*H"0",  acetyl  =  C*H*  is  converted 
into  methyl  =  CH",  the  extra  atom  of  carbon  being  driven  off  in  the 
state  of  carbonic  acid. 

'*  Particular  interest,"  says  Professor  Miller,*  "  is  attached  to  these 
researches,  owing  to  the  circumstance  that  in  each  case  the  compounds 
obtained  by  the  electrolysis  belong  to  a  series  related  to  an  alcohol 
different  from  that  which  was  submitted  to  decomposition.  The  vale- 
rianic acid  thus  yields  an  ether  of  the  butylic  series ;  and  acetic  acid, 
which  is  a  derivative  of  wine  alcohol,  furnishes  the  carbo-hydrogen 
which  belongs  to  the  wood-spirit  series." 

Brazier  and  Gossleth  have  shown'  that  by  the  electrolysis  of  a  caproate 
=  K,  OTH"0«,  caproyl  =  C^"  is  converted  into  amyl  =  C*H",  and 
that  by  the  electrolysis  of  an  oenanthylate  =  K,  (7H'"0*,  oenanthyl  = 
(7H"  is  converted  into  hexyl  =  C"H",  with  evolution  of  carbonic  acid. 

In  all  these  examples,  acid  radicals  are  reduced  to  basic  radicals  by  th« 
abstraction  of  C\ 

Similar  transformations  can  be  effected  chemically ;  as,  for  example,  by 
the  joint  action  of  heat  and  fixed  alkalies.  Thus,  Professor  Brodie,  by- 
heating  the  hydrate  of  myricy  1  =  H,  C~H*'0,  with  lime  and  potash  con-^ 
verted  it  into  melissate  of  potash  =  K,  0"H*"0*,  in  which  process  the 
basic  radical  C*H**  loses  two  atoms  of  hydrogen,  and  is  reduced  to 
the  acid  radical  C^H*.  In  the  same  manner,  the  hydrate  of  ceryl  = 
H,C^**0  was  converted  into  cerotate  of  potash  =  K,  C*'H"0*,  where 
the  radical  ceryl  =  0*^**  is  reduced  by  the  abstraction  of  H*  to  another 
radical  not  yet  named  =  CTH*.  Dumas  and  Stas,  by  acting  in  this 
manner  on  ethal,  or  hydrate  of  cetyl  =  H,  C'IP'O  converted  it  into  pal- 
mitate  of  potash  =  K,  C^TBP'O  where  the  radical  cetyl  =  C'*H*  is  re- 
duced to  the  radical  pelmityl  =  C'lP^  In  all  these  examples  basic 
radicals  are  reduced  to  acid  radicals  by  the  abstraction  of  H*.  This  pro 
cess  in  the  ordinary  language  of  organic  chemistry  is  called  '*  oxidation. 

The  Ketones. 

In  this  manner  also  the  Ketones  are  prepared.^  Here,  again,  we 
have  acid  radicals  reduced  to  basic  radicals  by  the  abstraction  of  C^ 

*  Chemical  Soc  Quarterly  Journal,  IL,  157. 

■  Elements  of  Chemistry  (1856),  Part  IL,  11 20. 

*  Chemical  Soc.  Quarterly  Journal,  III.,  210. 

*  Gmelin,  Handbook  of  Chemistry,  V1I„  136. 
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CompowFids  exposed  to  Heat. 

A.  K,C  EP  €)•  +  K,C*  IP  0« 

B.  K,e  H*  0«  4-  K,C»  H»  0« 
a  K,C*  IF  0«  4.  K,C*  H' 0« 

D.  K,C»  IT  0«  +  K,C*  H"  O* 

E.  K,C7  H»  0«  +  K,(7  H*  0« 

F.  K,C«'H''0«  4-  K,C»«H»'0« 

G.  K,C*'H»0«  +  K,C»ai*0« 
H.  K,C*  IP  ()•  +  K,C«H»  0» 


Compounds  prodtuxd.  Constant  p^uct. 

=  CIP,C*H'Ol 

=  C»H*,C»H»0 

=  C»IP,C*H'0 

=  C*IP,C*H»0 

=  C'H»,CH*0 

=  (?  H",C»«H''0 

=  C»«H»C*aP»0 

=  c*mc«H»o. 


+  K«CO» 


In  every  example  two  atoms  of  salt  are  decomposed,  because  the  car- 
bonate of  potash  to  be  produced  is  blbasic  =  KKCO".  The  salts  are 
sabmitted  to  dry  distillation ;  the  ketones  form  a  distillate,  and  the  fixed 
caibonate  of  potash  remains  behind.  One  of  the  compounds  loses  a 
single  atom  of  carbon,  and  is  thus  reduced  from  an  acid  radical  to  a 
basic  radlcaL  Three  atoms  of  oxygen  go  off  with  the  carbon,  leaving 
one  atom  with  the  ketone,  which  therefore  consists  in  each  case  of  an 
nnoxidised  basic  radical,  combined  with  an  oxidised  acid  radical,  con- 
stituting a  compound  of  the  same  nature  as  the  compound  ethers 
described  in  Group  5,  page  66. 


In  A.  Acetyl 

B.  Propionyl 

C.  Butyryl 

D.  Valeryl 

E.  Benzyl 

F.  Caraphyl 

G.  Margar}'l 
H.  Valeiyl 


=  C*  IP  is  reduced  to  Methyl  =  C  IP 

Ethyl  =  C«  H* 

Propyl  =  C"H' 

Butyl  =  C*H* 

Phenyl  =  C-H» 

Pelargyl  =  C  W 

Cetyl  =  C»«IP" 

Butyl  =  eff 


C»H» 
C*IF 

C?H» 
C*H» 


>  > 


» > 


>  > 


>  > 


> » 


I  9 


»  » 


The  names  usually  given  to  these  ketones  are  as  follow : — A,  acetone. — 

B^  propione. — C,butyrone. — D,  valerone. — E,benzone. — F,  campholone. 

— G,  margarone. — H.  There  is  a  difficulty  respecting  this  ketone,  because 

it  is  imknowii  whether  the  atom  of  carbon  is  abstracted  from  the  valeryl 

CH 
or  the  acetyl.     WilHamson  gives  the  formula  p  tt  CO,  which  admits  the 

ketone  to  contain  butyl,  methyl,  and  oxide  of  carbon,  a  composition  that 
is  by  no  means  probable.  Gerhard t  says  of  it,*  that  '*  it  is  evidently  the 
▼aloide  of  methyl  or  the  acefylide  of  butyl,"  a  description  which  suffi- 
dentiy  shows  tlie  difficulty  of  choice.  However,  whether  this  particular 
ketone  is  to  be  written  C*IP,C'IPO,  or  CH*,C*H'0,  the  result  is  the 
same  in  regard  to  my  present  argument,  which  is  to  prove  that  certain 
add  radicals  can  be  reduced  to  basic  radicals  by  the  abstraction  of  one 
atom  of  carbon. 

*  H  is  the  result  of  an  experiment  made  by  Professor  Williamson, 
Quarterly  Journal  Chem.  Soc.  IV.,  239. 
"  Tiaite  de  Chimie  Organique,  II.,  650. 
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The  Aldehydes. 

Experiments  of  a  character  precisely  similar  to  the  foregoing  have 
been  described  by  Limpricht  and  Ritter,^  in  reference  to  the  production 
of  the  class  of  compounds  called  cddehydes  or  aldides.  If  formiate  of 
lime  =  Ca,CHO'  is  heated  with  the  lime-salt  of  another  acid,  the  formyl 
is  decomposed.  Its  carbon  produces  carbonic  acid,  and  its  hydrogen 
becomes  a\)asic  radical  to  the  acid  radical  of  the  other  salt.     Thus — 

Ca,CHO«      +     Ca,C«H>0«      =      CaGa,  CO*     +     H,  (TFPO 
Formiate  of  lime.    Acetate  of  Ume,      Carbonate  of  lime.       Aldehyde. 

According  to  Ritter  this  reduction  of  formyl  to  hydrogen  has  been 
effected  experimentally  with  all  the  following  compounds : — 

Oa,  CHO«      +     Ca,C»H»0*      =      CaCa,  C0»     +     H,  C»H*0 

Propionate  of  lime.  Prcpykttdehyde , 

Ca,  CHO»      +     Ca,C*H»0«      ==      CaCa,  C0»     +     H,  C*IPO 

Vcderate  of  lime.  Vcderddehyde. 

Ca,  CHO*      +     Ca,  CH'K)'     =      CaCa,  C0»     +     H,  Cna»«0 
OenanthylaJte  of  lime,  Oenanthol. 

Ca,  CHO«      +     Ca,  OH»0*     =:      CaCa,  C0»     +     H,  C«H»\) 
Caprylate  of  lime.  CapryUMekyde. 

In  all  these  cases  an  acid  radical  is  reduced  to  a  basic  radical  by  the 
abstraction  of  C*, 

This  evidence  to  prove  the  experimental  reduction  of  compound  radi- 
cals from  acid  to  basic,  and  from  basic  to  acid,  by  the  alternate  abstrac- 
tion of  C^  and  H',  has  been  adduced  because  the  subject  does  not  appear 
to  be  clearly  apprehended  by  many  chemists.  Even  Gmelin  advances 
opinions  that  are  in  some  respects  adverse  to  these  facts.  Thus,  in 
speaking  of  the  transformations  of  organic  compounds,  he  says,*  that 
'*  they  may  take  place  by  the  complete  or  partial  abstraction  of  one  or 
more  constituents  (Carbon  ekcepted)."  And,  again,  ''  The  carbon  of 
an  organic  compound  cannot  be  removed  by  substitution;  for  this 
element  Ls  the  one  essential  principle  of  organic  compounds ;  the  number' 
of  its  atoms  determines  their  character,  and  no  other  substance  can  take 
its  place.  Without  carbon  nothing  organic  can  exist !  Even  the  diminutum 
of  the  number  of  its  atoms  in  a  compound  would  immediately  remove 
that  compound  into  another  series,  and  alter  its  character  entirely.'* 

The  Vinyl  Series  of  Radicals. 

It  would  take  me  too  far  into  details  to  enter  into  the  consideration  of 
the  transformation  of  organic  radicals  generally.   The  facts  that  I  have 

*  Quarterly  Journal  of  the  Chemical  Society  (1856),  IX.,  188. 

•  Handbook  of  Chemistry,  VII.,  71. 
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Benicadd 

atyl 
.yj 

Myristic  add 
Myiistone 
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Ci^ts 

— 

H* 

r= 

C«H» 

C"H« 

-. 

C 

= 

C"H« 

C"H*» 

~. 

H* 

= 

C'»H" 

C"H" 

_ 

C 

zs 

C'«H" 

(.IOJJ.1 

— 

H« 

s 

C'*H'» 

C'"H" 

— . 

C 

as 

C»H» 

(?H'» 

-. 

H* 

= 

C»H'' 

C*H'^ 

•~ 

C 

= 

(?H»' 

CfH^' 

— 

H* 

— 

CH^* 

CfH» 

— . 

C 

ss 

(7H'* 

C'H" 

~. 

H* 
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(7H» 

C'H^» 
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ss 

CH" 
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H* 
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C*H" 

C'H" 

— 

C 

ss 

C*H" 

C*H" 

— . 

H* 

s 

OW 

aw 

— 

C 

= 

C*  H"' 

a  IP 

— 

H* 

— 

C*H'' 

C*IU 

_ 

C 

=s 

CM' 

C'W 

— 1 

H» 

=r 

C»H» 

CH» 

-. 

C 

=s 

CH* 

C*H* 

— 

H« 

= 

Cff 

C*IP 

— 

C 

= 

Off 

C'H' 

-. 

H« 

= 

C»ff 

C^H^ 

.» 

C 

^^ 

H^ 

Lauiyl 


Rutyl 

Pelargyl 

Octyl 

Capryl 

Heptyl 

(Enanthyl 

Hexyl 

Caproyl 

Amyl 

Valeryl 

Butyl 

Butyryl 

Propyl 

Propionyl 

Ethyl 

Acetyl 

Methyl 

Formyl 


Laurie  aci4 
Laurone 
Margaritic  acid 

Rutic  add 

Pelargonic  acid 
Caprylic  alcohol 
Caprylic  acid 
Castor  oil  alcohol 
(Enanthylic  acid 
Caproic  alcohol 
Gaproic  add 

Valerianic  add 

But3rric  acid 

Propionic  acid 

Acetic  add 

Formic  acid 


Hydrogen 

Commencing  with  a  known  radical  of  very  complex  constitution, 
myricyl  =  C^H**,  which  is  equal  to  30  atoms  of  Vinyl,  plus  i  atom 
of  hydrogen  =  CH"  x  30  +  H^,  the  Table  shows  the  entire  range  of 
mdic^s  which  would  be  produced  from  the  original  complex  radical  by 
the  alternate  abstraction  of  H*  and  C^  imtil  the  components  of  the  radical 
were  exhausted.  I  have  affixed  the  names  of  such  existing  compounds  as 
agree  with  the  successive  stages  of  this  reduction,  as  &r  as  I  know 
them.  The  list  could  probably  be  completed  by  a  careful  examination  of 
known  organic  compounds.  As  it  is,  we  perceive  that  this  purely  theo- 
retical abstract  accords  wonderfully  well  with  the  known  products  of 
experimental  investigation.  The  radicals  are  basic  and  acid  alternately. 
Out  of  30  acid  radicals  which  would  complete  the  list,  certainly  not  less 
than  23  are  known.  The  existence  of  the  series  of  basic  radicals  is  not 
so  evident,  but  the  bases  have  not  been  so  carefully  looked  for  as  the 
acids.  Near  the  lower  end  of  the. Table  the  series  is  complete,  and  in 
respect  to  these  lower  members,  the  evidence  is  also  conclusive,  that  the 
acid  and  basic  radicals  can  be  experimentally  procured  from  the  radicals 
next  above  them,  by  the  abstraction  of  C  or  H*.  It  would  be  rash  to 
declare  that  this  is  the  case  throughout  the  series,  but  as  it  has  been 
proved  to  be  true  in  regard  to  myricyl,  to  ceryl,  and  to  cetyl,  as  well  as 
to  the  lower  members,  it  is  probably  true  of  the  whole. 
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possible  to  anaage  all  tlie  known  componnd 

Tables  as   the   furegoing,  and  thus  exhibit 

their  matoal    relationship,  distinguish  Che  members  that  are  k^own, 

mark  the  places  of  those  that  are  uukoown.     Schedules  of  this 

woald  be  as  usefitl  to  a  chemical  investigator  as  charts  are  to  a 

igator. 

kme  of  the  direct  uses  of  this  Table  may  be  briefly  noticed : 
t  shows  the  principU  upon  which  any  basic  radical  can  be  reduced  to 
add  radical  next  below  it  on  the  list,  namely,  by  the  abstraction  of 
;  and  also  tx^od  which  every  add  radical  cao  be  reduced  to  the  basic 
csl  nert  below  it,  namely,  by  the  abstraction  of  C.  Of  courae,  in 
ther  aeries  of  radicals  having  a  di&rent  prt^ession,  the  rate  of 
Iractioo  of  C  and  H  would  l}e  different. 

['be  discrimination  of  the  radicals  is  sufBdently  clear  to  render  it 
leccssary  for  chemists  to  confound  with  one  another,  as  they  now 
(uently  do,  the  basic  and  add  radicals  that  are  dosely  related ;  such 
projwonyl  =  C*H*  and  propyl  =  {?IF;  butyryl  =  CIT  and  butyl 
O'H*;  caproyl  =  <?H"  and  besyl  =  CH";  (apryl  -  C"H"  and 
S^l  =  OH",  &C,  If  we  adopt  radicals,  we  should  treat  them  feirly, 
[  not  call  some  of  them  by  names  that  have  beoi  allotted  to  others. 
rhe  TaUe  supplies  short  answers  to  sevnat  questions  that  are  rather 
:^ng  to  answer  if  you  object  to  beUeve  in  the  existence  of  compound 

What  constitutes  an  alcohol  ? 

K  basic  radical  4-  H'  +  0'.     Example:  H,(7H*0  »  alcohol. 

What  constitates  an  aldide? 

Kn  add  radical  +  H'  +  0>.     Example:  H.C^'O  =  aldebyd. 

W\aX,  consMtutes  an  ether  ? 

Two  basic  radicals  of  the  same  kind  +  O'.     Example :  CH*,C*H'0 

ether. 

What  constitutes  a  cotnponnd  ether  ? 

rwo  basic  radicals,  one  cont^ning  CH'  less  than  the  other  +  0'. 

ample:  CH'.CTJK)  =  ethylate  of  methyl. 

What  constitutes  a  ketone  ? 

Aji  add  radical  +  a  basic  radical,  containing  C  less  than  the  add 

[ical  +  O'.     Example :  CH'.CTI'O  =  acetone. 

What  constitutes  a  hydrated  organic  add  ? 

An  add  radical  +  H'  +  O*  (sometimes  O"  or  more).      Example ; 

C^HH/  =  hydrated  acetic  add, 

Wliat  constitutes  an  anhydride  or  anhydroos  organic  add  ? 

Two  acid  radicals  of  the  same  kind  +  0*.     Example:  C*H',CTI'0' 

uihydrous  acetic  add. 

What  constitutes  a  compound  anhydride? 

Two  difierent  acid  radicals  +  O*. 

What  conatitates  an  organic  salt? 
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One  acid  radical  +  one  basic  radical  +0"  or  ()•.     Example:  C*H*, 
CIPO*  =  acetate  of  butyl. 


The  Model  of  Water. 

Let  us  return  for  a  moment  to  the  question  of  the  constitutioii  of 

water.    Is  it  H+0,  or  H«0,  or  ^O,  or  H+HO?  See  page  31.    The 

evidence  that  has  been  adduced  in  fiivour  of  the  existence  of  compound 
radicals,  and  explanatory-  of  their  modes  of  combination,  is  decidedly  in 
&vour  of  the  last  of  these  formulffi,  H+HO.  Water  differs  in  no  respect^ 
physically,  from  the  gaseous  compounds  of  the  fourth  group—the  ethers 
or  dioxides  of  radicals.  It  contains  two  radicals ;  its  atomic  measure  is 
two  volumes ;  its  radicals,  when  isolated,  measure  each  one  volume ;  it 
contains  one  volume  of  oxygen,  which  adds  nothing  to  its  atomic  mea- 
sure. It  is  readily  divisible  into  hydrogen  =  H  and  oxide  of  hydrogoi 
Bs  HO,  both  of  which  enter  laigely  into  organic  and  inorganic  salts.  In 
short,  it  may  be  taken  as  the  model  of  a  salt  consisting  of  two  radicals, 
with  one  atom  of  oxygen«  There  is,  I  think,  nothing  to  be  said  in 
favour  of  the  other  formulffi  at  all  approaching  in  force  to  the  positive 
evidence  in  &vour  of  the  formula  H+HO. 

As  water  is  undoubtedly  the  equivalent  of  the  metallic  protoxides, 
such  as  anhydrous  lime,  every  argument  that  can  be  urged  to  show  that 
the  formula  of  water  is  H,HO  serves  equally  to  show  that  the  formula  of  a 
metallic  protoxide  is  M,MO,  and  the  formulae  of  the  corresponding  hydrate 
either  M,HO,  or  H,MO.  Which  of  the  two  latter  is  the  proper  formula  ? 
is  a  question  that  presents  some  difficulty,  not,  indeed,  as  respects  the 
hydrates  of  the  metallic  protoxides,  but  as  respects  the  hydrates  of  com- 
pound radicals.  I  do  not  hesitate  to  write  OaHO  for  hydrate  of  lime, 
because  I  consider  hydrogen  to  be  an  acid  radical  against  calcium,  but  if 
I  am  to  write  a  formula  for  alcohol,  I  hesitate  to  write  0'H^,HO,  because 
I  consider  hydrogen  to  have,  more  than  any  hydro-carbon,  the  nature 
of  a  basic  radi^,  and  for  that  reason  I  would  write  the  formula 
H,C^IPO.  This  practice  I  would  generalise,  considering  H  to  be  an  acid 
radical  against  any  metal,  and  a  basic  radical  against  any  hydro- 
carbon. 

The  reason  that  I  object  to  the  triangular  formulae,  by  which  Mr. 
Gcrhardt  and  Professor  Williamson  indicate  the  salts  that  are  formed  on 
the  model  of  water,  is  now  evident.  I  consider  all  such  compounds  to 
be  binary  y  and  that  for  binary  compounds^  ternary  formtdce  are  im- 
proper. 

For  the  same  reason,  I  do  not  concur  in  Professor  Williamson's 
opinion,  that  most  salts  can  be  designated  by  formulffi  framed  on  the 
model  of  the  formula  of  watt^r    Of  the  eleven  groups  of  salts  described 
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between  pages  64  and  68,  only  the  third,  fourth,  fifbh,  and  tenth  groups 
are,  in  my  opinion,  formed  on  the  model  of  water.  The  other  groups 
cannot  be  £Bkly  reduced  to  that  form.  Water  consists  of  one  oxidised 
radical  and  another  radical  not  oxidised ;  whereas  the  radicals  of  the  great 
majority  of  salts  are  either  not  oxidised  at  all,  or  are  both  oxidised.  Of 
the  121  binary  compounds,  gaseous  in  two  volumes,  described  in  these 
deren  groups,  35  only  are  formed  on  the  model  of  water,  and  86  on 
other  models ;  and  even  of  those  which  are  formed  on  the  model  of  water, 
namely,  those  which  contain  a  single  atom  of  oxygen,  the  evidence  is 
strongly  in  &vour  of  the  view  that  their  constitution  is  binarn/  =  M-f-MO, 

and  not  ternary  =  -wO. 

Professor  Williamson's  views  on  this  subject  are  explained  in  his 
Paper  on  the  Constitution  of  Salts.^  It  is  unnecessary  to  examine  his 
illustrations  in  detail,  because  my  general  objection  applies  to  the  whole 
of  than.  In  the  following  examples,  the  separation  of  a  certain  quantity 
of  oxygen  from  the  rest  of  it  is  arbitrary  and  incapable  of  demonstration, 
as  is  also  the  proposal  to  consider  the  compounds  CIO,  CIO*,  and  CIO', 
to  be  each  equivalent  to  one  atom  of  hydrogen,  and  the  compound  SO' 
to  be  equivalent  to  H',  K*,  and  HK.  The  Action  of  oxygen  in  salts  is 
ignored  in  these  assumptions.  That  element  is  never  the  equivalent  of  a 
ndical,  and  all  formuke  in  which  oxidised  compounds  are  represented  in 
the  equivalents  of  single  volumes  of  hydrogen  are,  in  my  judgment,  con- 
structed on  an  erroneous  principle.  Equivalents  must  be  sought  for  in 
the  radicals  alone,  independent  of  their  oxygen. 

Examples  of  Professor  Williamson's  formulae : — 


•rr  ^Oi     Sulphuric  acid. 


so. 


O. 


SO 


HK 


?0. 


Neutral  sulphate 
of  potash. 

Acid  sulphate  of 
potash. 


(CIO) 
H 


O      Chlorous  acid. 


(CIO.) 
H 

(CIO,) 
H 


O     Chloric  acid. 


O     Perchloric  acid. 


According  to  the  radical  theory  these  salts  would  require  the  following 
fonnuke: — 


HSO»         Sulphuric  acid. 
KSO*  Sulphate  of  potash. 

KSO»+HSO'  Bisulphate  of  potash 


HCIO*    Chlorous  acid. 
HCIO"     Chloric  acid. 
HCIO*     Perchloric  acid. 


In  all  cases  of  double  decomposition,  the  sulphur,  or  acid  radical,  and 
all  the  oxygen  of  these  salts  go  together.    There  is  no  evidence  to  prove 


*  Quarterly  Journal  of  the  Chemical  Society  (1852),  iv.  350. 
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that  such  a  division  of  the  oxygen  takes  place  as  the  triangolar  fonndlse 
show  us. 

Professor  Williamson  has  recently  somewhat  changed  his  views 
respecting  the  formulse  of  the  sulphates,  and  I  shall  refer  to  his  latest 
opinions  when  I  come  to  discuss  the  question,  whether  sulphuric  add  is 
bibasic  or  monobasic.  But,  before  I  quit  the  "  model  of  water,"  I  most 
copy  a  few  fashionable  formulse  to  show  to  what  extent  that  unfortoziate 
model  has  been  recently  tormented,  and  what  strange  varieties  of  fim- 
tastic  aspect  the  triangular  formuke,  on  the  model  of  water,  are  made  to 
assume. 

Gerhardt's  "  Succinate  of  methylo-salicyl,  or  oxide  of  succinyl  and 
methylo-salicyl."  * 

C,H.(CH.)0.\  ^ 

C,H.(CH.)0.;  "• 
C4H40«0. 

Odling's  bichromate  of  potash : — * 

CrA"  CrA"  Cr^'lfio" 
2K'      2K'      CrA") 

H.  L.  BuflTs  succinic  acid : — * 


N  }      H 


H 
C,(C,H,)0,{ 
H 

H,  L.  BuflTs  succinamide . — * 

H 
H 
.(CAP, 

-}  g 

The  dense  clouds  of  philosophical  mist  which  hang  over  these  vast  and 
intricate  edifices  prevent  my  seeing  their  relation  to  the  model  of  water, 
and  I  must  refer  the  reader  who  wishes  to  understand  them  to  the 
descriptions  given  by  their  respective  architects— descriptions  which 
appear  to  me  to  be  particularly  difficultly  intelligible. 

The  Construction  of  Formulae. 

It  may,  perhaps,  be  not  out  of  place  here  to  make  a  few  remarks  re- 
specting symbols  and  formuke.    It  should  be  adopted  by  chemists  as  an 

*  Quar.  J.  Chem.  Soc.  (1855),  vii.  63.  *  Ibid.,  page  12. 

•  Communicated  to  the  Royal  Society  by  Professor  A.  W.  Hofmann, 
June  10,  1856.    Proceedings  Roy.  Soc.,  viii,  195. 
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inflexible  rule,  to  use  no  letters,  figures,  or  other  symbols  in  writing  for- 
moke,  but  such  as  can  be  printed  by  the  types  commonly  kept  in  every 
printing  office.  There  should  be  no  crossed  letters,  and  no  brackets,  or 
oopoke  that  require  an  unusual  description  of  type. 

The  theory  of  the  constitution  of  the  salts  which  I  have  advocated  in 
this  Essay,  namely,  that  every  salt  consists  of  two  radicals,  simple  or 
compound,  oxidised  or  not  oxidised,  is  one  that  leads  to  a  simple  and 
regolar  method  of  writing  formula.  For  example,  the  benzoate  of 
m^yl  contains  the  two  radicals  benzyl  and  methyl,  combined  with  two 
atoms  of  oxygen.  We  may  consider  the  two  radicals  to  be  each  com- 
bined with  one  atom  of  oxygen,  and  may  represent  the  salt  as  a 
combination  of  tihe  two  oxidised  radicals  CIPO  -f-  (TWO ;  but,  con- 
sidering that,  in  cases  of  double  decomposition,  the  division  of  the  com- 
pooentB  of  this  salt  seems  to  take  place,  not  where  the  sign  -f-  is  placed, 
in  the  above  formuke,  but  in  the  foUowing  manner :  CH'  -|-  0,(7H^0, 
so  ihat  all  the  oxygen  appears  to  go  with  the  add  radical,  it  is  expedient 
in  this  and  all  cases  of  oxidised  adts,  to  put  the  whole  of  the  oxygen 
together  at  the  end  of  the  formula,  thus :  CIP,(7H^0'.  We  have  hero 
dis^nctiy  placed  before  us  the  two  acting  substances  of  the  salt ;  first, 
the  basic  radical,  and  next,  the  add  radical,  while  the  subjunctive  oxygen 
is  l^wn  to  the  end.  It  is  not  to  be  understood,  from  this  proposal, 
1^  I  wish  it  to  be  considered  an  ascertained  fact,  that  in  every  salt  the 
oxygen  is  wholly  combined  with  the  add  radical.  It  may  be  so,  but  we 
ha?e  no  proof  that  it  is  so,  and  I  do  not  pretend  to  dedde  this  diffiailt 
question.  The  proposal  to  indicate  all  the  oxygen  in  one  sum  is  simply 
to  give  regularity  to  the  formula,  and,  as  I  shall  show  presently,  to 
&dlitate  the  construction  of  a  systematic  nomenclature. 

When  there  are  several  radicals,  as  in  all  cases  of  compound  salts,  they 
are  to  be  written  in  a  straight  line,  separating  them  firom  one  another  by 
a  oonmia,  and  placing  a  semicolon  before  the  acid  radical.     Thus — 

Na,CIP;  SH^    .     .     .     Sulphite  of  soda  and  valeryl. 
Ag,  CfH',H;  (THCy.     .     Add  ethylomeconate  of  silver. 

This  method  of  writing  formulsB  is  equally  applicable  to  the  salts  of 
inorganic  radicals.  Thus,  the  sulphates  are  MSO',  the  oxalates  MCO*, 
the  carbonates  M,M ;  CO*,  the  nitrates  MNO*,  &c. 

It  does  not  appear  to  me  to  be  advisable  to  adopt  abridged  symbols 

fcr  the  hydrocarbon  radicals,  such  as  £t  for  ethyl,  A  for  acetic  acid,  and 
&e  like.  The  full  symbol  for  such  compounds  is  only  C^IT*,  so  that 
little  is  gained  by  abridgment,  while  we  lose  the  important  advantage 
presented  to  the  eye  by  the  factors  which  belong  to  the  full  symbols. 
One  need  not  object  to  Cy  instead  of  CN,  because  it  does  not  tax  the 
memory,  but  the  symbols  of  the  basic  and  add  radicals  should  never  be 
■bridged. 


n.  ■t;- 
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Systematic  Nomenclature. 

I  have  defined  a  salt  to  be  a  com  pound  of  two  radicals,  simple  or 
compound,  with  or  without  oxygen.  I  proceed  to  show  in  what  manner 
such  compounds  can  be  provided  with  simple  and  accurate  names. 

The  name  of  each  salt  is  to  consist  of  two  words,  the  first  of  which  is 
to  designate  the  basic  radical,  and  the  second  to  designate  the  acid 
radical,  and  to  specify  the  number  of  atoms  of  oxygen,  if  any  is  present. 
The  names  of  simple  radicals  are,  of  course,  to  be  ihe  names  of  demente 
or  some  convenient  abridgments  of  them,  such  as  I  have  proposed  far 
consideration  in  the  last  column  of  the  Table  at  page  a  8.  The  names 
of  compound  radicals  of  the  hydrocarbon  series,  may  be  such  words  as 
ethyl,  acetyl,  and  benzyl.  Of  these  there  must  be  one  for  every  hydro- 
carbon known  to  exist.  In  the  selection  of  such  names,  it  is  advisable 
to  avoid  those  which  indicate  numbers :  trityl,  octyl,  and  the  like. 

The  atoms  of  oxygen  are  to  be  indicated  by  a  change  in  the  termina- 
tion of  the  name  of  the  acid  radical  of  each  salt.  The  numerals  which  I 
propose  for  this  purpose  are  as  follow : — 


1  ate. 

2  ete. 

3  ite. 

4  ote. 

5  ute. 


6  aze. 

7  eze. 

8  ize. 

9  oze. 
lO  uze. 


11  abate. 

12  abete. 

13  abite. 

14  abote. 


16  abaze. 

17  abeze. 

18  abize. 

19  aboze. 

20  abuze. 


15  abute. 

This  system  is  sufficient  for  all  compounds  that  consist  of  two  radicals 
in  combination  with  oxygen ;  but  in  order  to  provide  names  for  com- 
pounds that  contain  more  than  two  radicals,  and  for  those  which  contain 
no  oxygen,  it  is  necessary  to  provide  terminal  numereds  which  are  to  be 
used  for  radicals  only,  and  are  not  to  indicate  oxygen.  I  propose  the 
following : — 


1  a,  an,  or  ane. 

2  e,  en,   ene. 

3  i,  in,   ine. 

4  o,  on,   one. 

5  u,  un,   une. 

6  ad  or  ade. 

7  ed   ede. 

8  id   ide. 

9  od   ode. 
10  ud   ude. 


1 1  aban  or 

12  aben 

13  abin 

14  abon 

15  abun 

16  abad 

17  abed 

18  abid 

19  abod 

20  abud 


abane. 

abene. 

abine. 

abone. 

abune. 

abade. 

abede. 

abide. 

abode. 

abude. 


It  does  not  appear  to  be  expedient  to  provide  names  to  indicate  num- 
bers above  20,  because  they  would  be  rarely  used,  and  from  want  of  use. 
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ape  the  taeraory.  The  eystem,  however,  is 
aponnds  with  high  nnmbers  of  atoms,  i£  it 
)  apply  it  We  should  have  merely  to  change 
i  ah,  and  thns  provide  a  series  of  numbers  tor 


50  am.  Bo  ar, 

60  an.  I  90  av. 

^ive  two  radicals  already  possess  characteristic 
iHTnicatioiis — ous  and  ic,  which  must  not  be  displaced  by  the  numerals. 
See  the  table  of  elements  at  page  28.  I  propose  to  insert  the  numerals 
letveoi  the  root  of  each  name  and  its  tenniiul  om  or  ic.     Thus . — 


y  one  atom  is  spoken  of,  the  numeral  may  in  all  ordinaiy 
tied,  and  without  caosing  any  doubt  to  arise,  we  may 


xnmd  words  it  may  be  proper,  t<x  the  sake  of  brevity,  to 
linal  ou$,  but  the  same  liberty  must  never  be  taken  with 
c,  otherwise  the  distinction  between  the  two  kinds  of  radi- 
lost. 

king  in  a  graieral  sense  of  the  non-oxidised  salts,  I  propose 
mmatjon  one,  as  in  the  following  examples : — ■ 

Present  Namet.  Prqxfsed  Names. 

''loOTides  or  hydiofluates  =  Fluoianee. 

!!hlorides  or  hydiochiorates  =  Chloraoes. 

odides  or  hydriodates  =  lodanes. 

komidee  or  hydrobromates  =  Bromanes. 

Julf^idra  or  hydrosulphates  =  Snlj^Moea, 

'hosphides  or  phosphurets  =  Phospbanes. 

^larbjdes  or  carburets  =  Carbanes. 


Juriatic  add  =  HCl  =  Hydra  chlora, 

^oride  of  sodium  =  NaCl       =  Natra  chlora. 

{alphnret  of  potassium  =  K3  =  Potassa  sulpha, 

rhuride  of  ralraiim  =  CaF       =  Calca  fluora. 
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The  following  examples  show  the  relation  of  the  names  required  for 
oxidised  salts  to  those  required  for  non-oxidised  salts : — 

Hydrochloric  acid        =  HCl         =   Hydra  chlora. 
Hydrated  chloric  acid  =  HCIO*     =   Hydra  chlorite. 

Chloride  of  barium  =  BaCl  =   Baryta  chlora. 

Chlorate  of  barytes  =  BaClO*        s   Baryta  chlorite. 

Sulphuretted  hydrogen    =  HS       =   Hydra  sulpha. 
Hydrated  sulphuric  add  =  HSO"  =   Hydra  sulphete. 

Sulphuret  of  iron        =  FeS  =   Ferrous  sulpha. 

Protosulphate  of  iron  =  FeSO"      =   Ferrous  sulphete. 

Hydrocyanic  acid        =  HCy         =   Hydra  cyana. 
Hydrated  cyanic  acid  =  HCyO      =   Hydra  cyanate. 

Cyanide  of  potassium  =  ECy         =   Potassa  cyana. 
emanate  of  potash        =  KCyO      =  Potassa  cyanate. 

To  denote  water  of  crystallization,  I  propose  to  abridge  the  tenn 
aqua  to  aqu,  and  to  add  the  terminals  of  the  oxygen  series.     Thus : — 

Aquate  will  signify  one  atom  of  water. 
Aquete  „         two  atoms       „ 

Aquite  „         three  atoms     „ 

Aqueze  „         seven  atoms    „ 

Aquabete       „        twelve  atoms  „ 

The  names  which  this  system  provides  for  the  organic  compounds  of 
the  eleven  groups  described  between  pages  64  and  68,  are  as 
follows : — 

First  group,  page  64,  the  names  given  in  the  list  may  remain  as 
they  are  written,  or  the  terminal  a  may  be  added  to  each  word,  so  as  to 
produce  Ethyla  butyla,  &c. 

Second  group,  p.  65,  the  hydrides : — 

H,CH»  Methyl  hydride   =   Hydra  methyla. 
H,C^*  Benzine  =   Hydra  phenyla. 

H,C7H^  Toluine  =   Hydra  toluenyla. 

I%trd  group,  p.  65.  The  alcohols  and  the  aldides.  In  this  case  we 
have  to  indicate  one  atom  of  oxygen,  for  which  purpose  the  acid  radical 
must  have  the  termination  ate : — 

H,CH^3  Methylic  alcohol   =  Hydra  methylate. 
H,C*HHD  Aldehyd  =  Hydra  aoetylate. 

H,C*H*0  Alcohol  «   Hydra  ethylate. 

It  is  useless  to  quote  more  examples,  because  the  names  would  all  be 
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Ite,  which  cannot  be  said  of  the  names  that  appear 


Lsr  K  Ethyla  ethylate. 

)  Oxide  of  cacodyl  =    Cacodyla  cacodylate. 

Compound  ethers  and  ketones : — 
Acetone  =    Metliyla  acetylate. 

EthylalA  of  methyl  «    Methyk  ethylate. 
Bntynaw  ■■  Propyla  butyrylate. 

id  fifth  groops  are  named  in  a  similar  manner, 
aa  is  rimilar — 

=  H.     CnPO  =   Hydra     ethylate. 

=  Cm'.C'H'O  =    Ethyb    ethyUte. 
thyl  =  CH",  CH'O  =  Methyla  ethylate. 
)ng  to  the  class  of  ethyktes,  and  differ  irom  one 
Msic  radical.     The  non-volatile  substance  called 
longa   to  the  aame  class,    K,C*U*0  =  potaasa 

J  of  chemistiy,  and  the  prevalent  prejudices  of 
O  the  adoption  of  sails  which  contain  only  a  single 
vimon  between  "  the  base  "  and  "  the  acid,"  but 
exist  in  abundance,  and  must  eventually  be  gene- 
»,  indeed,  are  the  tnie  salts  on  the  "  model  of 
;raft  on  this  model  salts  that  have  more  than  two 
one  atom  of  oxygen,  are  mere  delusions. 
ed  at  page  77  belong  to  thia  order  of  salts,  and 
Jigly:— 

C  H" ,(?  H"  0    =    Methyla  acetylate. 
(?H',CH*0    =■    Ethyla  propionylate. 
C  IF,*:?  IPO    =    Propyla  butyrylate. 
CH',0'H*0   =   Butyla  valeiyUte. 
C  H'  ,(7  H'  O   =   Phenyla  benzylate. 
CH",C"'H"0   -   Pela^la  camphylate. 
C"H",C"H"0  =  Cetyla  ma^arylate. 
CIP.C^H'O   =    Ba^la  acetylate. 

Hydrated  organic  acids.     In  this  group,  two 
e  to  be  indicated;  which  requires  the  terminal 

hated  formic  add     =  Hydia  formylete. 

listed  acetic  add       =   Hydra  acetylete. 
Irated  benzoic  add    *   Hydra  benzylete. 
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When  a  hydrated  acid  becomes  a  salt,  the  basic  hydrogen  is  replaced 
hj  a  basic  radical,  the  name  of  which  takes  the  place  of  the  word  hydra, 
while  the  name  which  indicates  the  acid  part  of  the  salt,  and  enumerates 
the  oxygen,  remains  unchanged,  as  is  shown  by  the  next  group. 

Seventh  group,  p.  66.  Oiganic  salts,  in  which  both  of  the  radicals 
are  compound,  and  in  which  there  are  two  atoms  of  oxygen : — 

CIP,CHO»  Methyl  fonniate   =   Methyla  formylete. 
CIP,C"IPO"  Methyl  acetate    =   Methyla  acetylete. 
CH»,(7H*0»  Methyl  benzoate  =   Methyla  benzylete. 
CH»,C«H*0«  Methylal  =   Methyla  ethyiete. 

Eighth  group,  p.  67.     Nitrites : — 

CTa*,NO"  Nitrobenzid,  or  nitrite  of  phenyl  =  Phenyla  nitrete. 

Ninth  group,  p.  67.    Haloids : — 

CTP,C1      Chloride  of  acetyl  a   Aoetyla  chlora. 

CiPyCy       Cyanide  of  methyl         =   Methyla  cyana. 

Tenth  group,  p.  68.     Oxychlorides : — 

CH*,C10    Chloride  of  benzoile     =   Benzyla  chlorate. 
C"H*,C10   Oxychloride  of  acetyl  =  Acetyla  chlorate. 

Eleventh  group,  p.  68.  Miscellaneous  compounds,  containing  ihrpe 
atoms  of  oxygen.  The  add  radical  requires  the  terminal  ite,  which 
signifies  three  atoms  of  oxygen  i—- 

(yiP,(?HXf  Anhydrous  acetic  add     =  Acetyla  acetylite. 
C*ir,C*IFO*  Anhydrous  butyric  add  =    Butyryla  butyrylite. 

The  nature  of  these  anhydrous  adds  will  be  discussed  under  the  head 
of  "  Anhydrides." 

C«H*,CH* ;  OCf  Carbonate  of  ethyl  =    Ethylene  carbite.      The 

termination  ene,  in   the  word  ethylene,  shows  the  salt  to  be 

bibasic. 
C^*,C«H» ;  8K^  Sulphite  of  ethyl    =   Ethylene  sulphenite.     In 

the  last  word  the  syllable  en  incQcates  two  atoms  of  sulphur,  and 

the  syllable  ite  three  atoms  of  oxygen. 
CH»,NO»  Nitrate  of  methyl  =   Methyla  nitrite. 

Examples  of  the  application  of  this  nomenclature  to  other  more  com- 
plex substances  than  tiiose  named  in  the  above  groups,  will  be  giyen 
when  the  formulsB  of  these  compounds  are  explained. 

In  the  designation  of  double  salts,  I  propose  to  express  the  phrase 
**"  combined  with  "  by  the  Latin  word  cwn. 
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The  Doctrine  of  Chemical  Types  and  Substitutions. 

To  illostrate  the  subject  of  Types  and  Substitutions,  I  take  the 
enunpie  that  was  first  used  hj  Dumas  in  developing  his  theoiy,  and 
afterwards  bj  Berzelius  in  his  critical  condemnation  of  that  theoiy.  Here 
is  the  account  given  bv  Berzehus : — 

*  "  To  give  an  idea, '  says  he,'  "  of  the  views  of  atomic  composition 
which  arise  from  the  theory  of  chemical  types,  I  will  quote  an  example 
given  by  Dumas  of  the  chemical  type  to  which  the  oil  of  bitter  almonds 
bdoDgs,  represented  by  the  chemical  formulae  requured  by  this  theory,  in 
which  the  elements  that  play  the  same  part  are  placed  vertically  the  one 
above  the  other — 

I.  Oa  of  bitter  ahnonds C"  H*  O" 

0« 


2.  Binacichlohde  (chloride)  of  benzoyle  C'N^ 

3.  Benzoic  add      •.«.•.•     C^^ 
4*  Binacisu]phuret(sulphuret)of benzoyle  C*^<  a  >^ 
5.  (Ben2oateofamidogen)ben2amide     C"{^}o* 


CI 

HM 

O 


0» 
0» 


"  Amongst  these  very  different  compounds,  the  rational  composition  of 
which  is  expressed  by  the  names  here  employed,  it  is  not  only  presumed 
that  chlorine,  sulphur,  and  oxygen  play  the  same  part,  but  that  this  is 
likewise  the  case  with  hydrogen ;  they  are  therefore  su])po6ed  to  occupy 
tiie  same  position  as  one  equivalent  of  hydrogen  in  the  oil  of  bitter 
afanoiids,  or  in  their  prototype.  The  fifth  example  presents  tiie  most 
nmarkable  circumstance,  that  the  same  space  which  in  oil  of  bitter 
almonds  is  occupied  by  i  equivalent  of  hydrogen,  suffices  not  only  for  2 
equivalents  of  hydrogai,  but  in  addition  for  i  equivalent  of  nitrogen. 
The  mechanical  impossibility  is  no  obstacle  to  this  theoiy,  and  the  sup- 
porters of  metalepsy  find  no  difficulty  in  replacing  an  equivalent  of 
hjdxogen  by  4  atoms  or  equivalents  of  oxygen  and  i  equivalent  of  ni- 
trogen, or  by  a  atoms  of  oxygen  and  i  atom  of  sulphur." 

It  is  a  proof  of  the  soundness  of  the  theory  which  I  am  advocating, 
that  it  is  Me  to  dear  up  readily  a  point  which  for  years  served  as  basis 
for  a  controversy  between  two  such  chemists  as  Berzelius  and  Dumas* 
Befoie  I  proceed  to  write  the  formulae  for  these  compounds,  according  to 
my  system,  I  must  point  out  that  in  the  formula.  No.  3,  benzoic  acid, 
there  is  a  fallacy  which  I  must  let  Dumas  himsdf  explain.    He  says : 


'  Taylor's  Sdentific  Memoirs  (1846),  vol  iv.  p.  670. 
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"  The  oil  of  bitter  almonds  C»IPO  +  IP,  when  exposed  to  air  loses 
H*,  and  ought  in  consequence  to  gain  O,  and  be  converted  into  benzoic 
acid  C"H»"0»,  which  actually  occurs."— 7Va«ftf(fe  Chirmy  1847,  I.  76. 

''  The  essence  of  bitter  almonds  can  be  transformed  into  benzoic  acid 
by  the  action  of  oxygen  or  of  air,  or  the  effect  of  any  oxidising  cause 
whatever.  The  action  takes  place  at  the  ordinary  temperature,  and  is 
rapid  in  sunshine.  The  conversion  is  complete,  and  immediately  pro- 
duces hydrated  benzoic  acid,  containing  precisely  the  quantity  of  water 
which  it  retains  after  sublimation." — Idem,  p.  144.  • 

These  extracts  show  that  the  formula  for  No.  3  requires  an  atom  of 
water  to  be  added,  making  it,  accordmg  to  Dumas  s  numbers,  C"H*\)* 
+  H*,  or  according  to  Berzelius's  numbers — 

to  my  notation    these    compounds  are  constituted   as 


According 
follows : — 


1 .  Oil  of  bitter  almonds 

2.  Chloride  of  benzoyle 

3.  Benzoic  acid     .     . 

4.  Sulphuret  of  benzoyle 


H,  (yRK). 
CI,  C^*0. 
HO,  OHK). 
S,     C^»0. 


5.  Benzamide NIP,C^*0. 

Looking  from  this  point  of  view  at  the  explanations  given  by  both 
parties,  it  would  appear  that  Dumas  was  evidently  right  in  supposing 
that  the  C1,H0,S,  and  NH*,  were  respectively  substituted  for  an  aiom 
of  hydrogen,  and  that  Berzelius  was  equally  right  in  supposing  that  this 
series  of  compounds  contained,  all  through,  the  compound  (7HK).  But, 
on  the  other  hand,  Dumas  was  wrong  in  supposing  that  the  atom  of 
hydrogen  which  he  replaced  was  any  one  atom  taken  indifferently  from 
the  mass  of  atoms  of  hydrogen  contained  in  the  oil  of  bitter  almonds. 
He  &iled  to  perceive  that  the  hydrogen  which  he  replaced  was  a  raduxU^ 
equal  in  chemical  power,  not  to  each  of  the  other  atoms  of  hydrogen 
present  in  the  compound,  but  to  all  the  rest  of  the  hydrogen  and  all  the 
carbon  taken  together ;  for  the  radical  benzyl  =  C^^  is  but  one  molecole, 
the  equivalent  of  one  volume  of  hydrogen,  and  this  molecule  remained 
undecomposed  while  the  compound  underwent  all  the  transformations 
which  formed  the  basis  of  the  great  controversy  between  these  ch^nists. 
Berzelius  failed  equally  to  notice  this  peculiarity,  so  strikingly  confirma- 
tive of  his  hypothesis  of  compound  radicals.  He  was  also  wrong  in 
urging  it  as  a  mechanical  impossibitity  that  an  atom  of  amidogen  should 
repla^  an  atom  of  hydrogen ;  for,  as  far  as  analogy  can  be  trusted,  the 
volume  of  NH*  in  gaseous  combination  is  exactly  the  same  as  that  of  H ; 
and  it  has  been  proved  by  evidence  in  the  preceding  pages,  that  there  is 
no  mechanical  hindrance  to  the  replacement  of  a  single  volume  of  hy- 
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a  compound  of  Beveral  atoms,  since  it  is 
t  hydrocarboD,  such  as  lauiyl  ™  CH", 
i*«n  ^5  times,  and  certainly  ux^h  167 
an  be  obtwoed  in  the  volume  of  a  single 
rate  of  ethyl  =  CfH',C"H*\>',  the  atomic 

a  gpedfic  gravity  of  114,  and  an  at<)mic 

:h  IK  eqoal  to  that  of  its  two  radicals,  the 

Doling. 

form  the  subject  of  the  foregoing  criticism, 

:  radical  theory,  be  formulated  and  named 

I*  0  =  Hydra  beniylate, 

[*,C10  =  Baizyla  chlorate. 

CO"  =  Hydm  benzylet*. 

[*  SO  =  Benzyla  sulphate. 

1*0  =  Amida  benzylate. 

Chloiiue  Radicals. 

f  oil  of  bitter  almonds,  the  gubstitdtiok 
lifierent  radicals  with  which  the  oxidised 
Hydrogen  gives  place  to  chlorine,  that  to 
ulphuT,  and  that  to  amidogen ;  but  all 
lations  the  benzyl  remains  unchanged. 
BS  of  snbetitotion  of  an  entirely  difier^t 
.  which  has  not  always  been  so  clearly  dis- 
.  writers  as  it  ought  to  have  been.  I  allude 
ubons,  such  as  methyl  and  ethyl,  are  so 
line,  and  iodine,  as  to  lose  their  original 
ew  compoimds,  which  still  act  as  Tadicals, 

'.  From  Ethyl  =  CfH*. 

CBPCl*. 

(ma'. 
.    (?a>. 

\Tgetic  acid  radical  chlorine  acts  tlie  port  of 
3romine  and  iodine  act  to  some  extent  in 
mplex  compounds  form  each  only  a  Single 
on  consulting  the  Table  of  Gases,  under 
ge  54,  that  each  chlorine  radical,  however 
olnme  of  gas,  and  that  when  they  form 
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Y  combining  with  other  radicals,  the  salts,  whether  oxidised 
1,  produce  only  two  volumes  of  gas ;  the  chlorine  radicals 
in  their  general  characteriatics  with  the  hydrt^ai  radicals 
ley  are  derived,  only  dimioishing  progressively  in  basic 
e  proportion  of  chlorine  increases. 

ent  sections,  I  shall   show  that  sulphur,  nitrogen,  sod 
are  also  subject  to  act  vicariously   for  bydrogtti   in 

I  the  nomenclature  of  such  radicals,  I  venture  to  propose 
lid  retain  the  name  of  its  original  hydrocarbon,  with  a 
e  the  number  of  atoms  of  chlorine,  or  other  element,  iDbY>- 
3y  substitution.  This  will  show  the  relationship  of  the 
wiginal  radical,  and  also  the  extent  of  the  change  eSected. 

kt/l  Series.  Methyl  Series. 

Chloric-ethyl.  ClPa    =    Cbloric-methyl. 

Chlorenic-ethyl.  CHCl'   =    Chlorenic-methyl. 

Chlorinic-ethyl.  CCl'       =   Chlorinic-methyl. 

Chloronic-ethyl,  Aaeti/l  Series. 

Chlorunic-ethyl.       |       CCl'       =  Chlorinic-^cetyl, 
gen  is  an  dement  in  a  compound  radical,  I  propose  to 
the  symbol  Z  and  the  syllable  Zot,  derived  from  Aiote, 
lecaseofCN. 


into  the  Causes  which  modify  the  Atomic 
Measure  of  Compoimd  Gases. 

damentol  principle  of  the  radical  theory  that  a  gaseous 
n  atomic  measure  of  one  volume.      Accordingly,  one 

meaanre  allott«d  in  the  Table  of  Gases  to  one  atom  of 
gen,  niln>gen,  and  chlorine, 
ixiom   of  the  radical  theory  is,  that  every  compound 

acts  as  the  equivalent  of  an  atom  of  hydrogen  or  of 
ires,  in  the  gaseous  stat«,  like  its  equivalents,  one  volume. 
ivhere  these  compound  radicals  have  been  isolated  and 

hare  been  found  to  agree  with  this  axiom.  Thus  one 
jn  found  by  experiment  to  be  the  atomic  measure  of  thcr 


CH»   But^-l. 
CIF   Camph<^ne. 
CH'    Menthene. 
C*H"  Amyl. 
CTl"  Hcxvl. 


CTI"  Cedrene. 
C"H"  Petrolene. 
C"H"  Paiaffine. 
AsCH'  Cacodyl. 

CN       Cyanogen. 
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ds  of  two  radicals,  whether  the  radicals 
d  or  not  oxidised,  are  assumed  to  foim 
their  two  radicals  combine  without  con- 
pounds  between  pages  64  and  68,  show 
f  this  assumption,  to  which  1  majr  now 
rhich  are  equally  regular,  and  were  only 
ipB  because  they  are  not  hydrocarboDS, 
e  to  keep  the  argument  respecting  the 
los  considerations.     The  following  com- 

HCy       Cyanhydric  acid. 
CyBr      Bromide  of  cyanogen. 
CyCl      Chloride  of  cyanogen. 
C'H'.Cy  Cyanide  of  phenyl. 

0  liir  the  atomic  measures,  both  of  elements  and  compounds,  are  all 

"'        is  one  volrane  for  an  atom  of  a  radical,  and  two  volumes 

1  compound  of  two  radicals.     But  the  above  compounds 

han  half  the  number  that  are  contained  in  the  Table  of 

have  now  to  consider  the  compounds  whose  measares 

:  ^ready  been  pointed  out,  that  oxygen,  which,  in  the 
ires  one  volume,  measures  nothing  when  in  combination 
tls,  but  serves  only  to  increase  the  uieight  of  the  com- 
lich  it  enters.  I  cannot  account  for  that  ftct,  and  will 
it,  but  proceed  to  the  consideration  of  the  properties  of 

irbon,  occurring  as  an  add  radical,  in  combmation  with 
nmsures  nothing.  The  oxalate  of  amyl  =  C'H"0,CO, 
of  ethyl  =  C?H*0,CO,  each  measure  one  volume,  which 
unyl  and  methyl  they  contain.  The  double  oxalate  of 
?I  =  CH",(?H' ;  CW  measures  two  volumes,  because  it 
sic  radicals.  The  carbonate  of  ethyl  =  C'H',CH';  CO* 
CO  volumes,  and  for  the  same  reason.  In  all  these  cases 
)on  and  the  oxygen  measure  nothbg.  On  the  other 
oxide  =  CO,  and  carbonic  acid  s  CO",  when  uncom- 
■I  radicals,  both  measure  two  volumes.  In  the  case  of 
i  measure  of  the  oxygen,  but  in  the  case  of  CO,  the 
the  measure  of  the  o:^gen.  These  measures  are  there- 
in combination  with  other  radicals  all  combinations  of 
ire  nothing. 

a  examining  the  facta  and  arguments  of  this  section,  will 
in  mind  the  partjculars  of  these  inregular  end  excep- 
ds,  which  occur,  not  only  among  the  oxides  of  carbon, 
;  die  oxides  of  nitrogen,  sulphur,  and  chlorine.     It  will 


96  INQUIRY  INTO  THE  CAUSES  WHICH  MODIFT 

be  seen,  that  the  most  irregular  gases  are  among  the  best  known 
inorganic  compounds,  and  that  the  great  multitude  of  oi^anic  vapours 
present  scarcely  anj  irregularities. 

Vinyl. — Olefiant  gas,  or  vinyl  =  CH"  (see  page  73)  has  an  atomic 
measure  of  one  volume. 

The  &cts  with  which  my  arguments  are  interspersed,  between  pages 
64  and  8 1 ,  show  the  Important  relationship  that  exists  between  vinyl  and 
an  extensive  series  of  volatile  radicals.  The  basic  radicals  are  composed 
cts  if — I  am  now  entering  upon  the  boundary  of  conjecture,  as  if — each 
was  composed  of  a  multiple  number  of  atoms  of  vinyl  plus  a  single 
atom  of  hydrogen  3=  H,  and  the  acid  radicals  appear  as  ^  they  contained 
a  multiple  number  of  atoms  of  vinyl,  plus  a  single  atom  of  fbrmyl 
s  CH.  Now  these  compound  radicals,  basic  and  add,  J&om  the  simplest 
to  the  most  complex,  all  measure  one  volume,  which  is  precisely  the  same 
measure  as  that  of  the  single  atoms  of  H  and  of  CH.  Then,  as  we  have 
found  that  carbon  measures  nothing  when  in  combination,  with  the  ex- 
ception of  CO  and  CO*,  it  follows  that  the  atom  of  carbon  in  the  com- 
pound CH,  may  measure  nothing,  and  that  the  single  atom  of  hydrogen 
which  is  present  alike  in  the  basic  and  acid  radicals,  over  and  above  the 
quantity  necessary  to  the  constitution  of  the  multiples  of  vinyl,  is  ihe 
only  thing  which  measures  in  the  state  of  gas.  All  the  vinyl,  however 
great  the  quantity,  from  one  atom  up  to  thirty  atoms,  measures  nothing, 
and  the  odd  atom  of  carbon  in  the  acid  radicals  also  measures  nothing. 
The  vinyl  and  the  carbon  increase  the  weight  of  the  gas,  but  the  mea- 
sure is  that  of  the  single  atom  of  hydrogen.  This  atom  of  hydrogen  is 
essential  to  the  existence  of  every  member  of  the  great  class  of  radicals 
exhibited  in  the  Table  at  page  79,  and  probably  to  the  existence  of 
most  of  the  basic  and  acid  radicals  that  are  volatile ;  and  when  it  is  not 
essential  to  their  existence  its  absence  appears  to  be  marked  by  some 
peculiar  characteristic. 

The  following  are  examples  of  such  a  peculiarity  :— 

C"H*,C«HW  =  Succinate  of  ethyl      =  Ethyla  succinylete. 
C  H*,CTH[*0*  =  Succinate  of  methyl  =  Metiiyla  succinylete. 

These  two  salts  liave  an  atomic  measure  of  only  one  volume,  which  is 
the  measure  of  their  basic  radicals ;  the  succinyl,  which  is  probably  con- 
stituted thus :  CH'-I^'C,  for  want  of  the  odd  atom  of  hydrc^en  measures 
nothing.  For  the  same  reason,  the  following  salt,  which  contains  3 
radicals,  measures  only  two  volmnes. 

H,H ;  C^H*0*  =  Salicylous  acid  =  Hydren  salicylete. 

Regnault's  bibromide  of  ethylene  =  C*H*,Br*,  with  the  atomic  weight 
of  188,  and  the  specific  gravity  of  94,  is  quite  irr^ular,  showing  two 
volumes  and  three  radicals.  But  if  we  divide  this  compound  by  2y  and 
consider  it  as  bromide  of  vinyl  =  CH*,Br,  the  atomic  weight  and  specific 


THE  ATOMIC  MEASUBE  OF  COMPOUND  OASES.  97 

gnvity  are  both  94,  and  the  measure  is  one  volume,  which,  on  the 
aasnmption  that  vinyl  has  no  measure  in  combination  is  correct,  one 
volume  being  the  measure  of  the  bromine. 

Unfortunately  we  know  yet  too  little  of  the  constitution  of  compounds 
of  this  kind,  to  be  able  to  settle  difBcult  cases  so  readily ;  and  as  an 
esample  of  the  uncertainty  that  attends  such  arrangements  of  atoms,  I 
may  mention  that  this  compound  is  susceptible  of  even  a  third  grouping, 
which  has  a  great  appearance  of  truth.  If  we  represent  it  by  the 
IbrmuJa  (?(H*Br),  Br,  it  seems  to  be  a  bromide  of  a  variety  of  ethyl  in 
which  one  atom  of  hydrogen  has  been  replaced  by  one  atom  of  bromine, 
amilar  to  the  chlorine  compound  that  I  have  described  at  page  93. 
Sach  a  compound  should  weigh  188,  and  measure  two  volumes,  and 
have  a  specific  gravity  of  94,  in  all  which  respects  the  gas  and  the  for- 
mala  agree. 

Upon  the  whole  it  seems  probable  that  no  hydrocarbon  radical  mea- 
sures anything  in  its  gaseous  salts,  unless  it  contains  an  odd  atom  of 
hydrogen,  or  of  chlorine  (or  other  element)  in  substitution  for  hydrogen. 
The  number  of  apparent  radicals  that  contain  an  even  number  of  atoms 
of  hydrogen  is  very  small,  and  may  possibly  be  diminished  when  the 
compounds  are  better  understood. 

The  expression  of  these  decided  opinions  respecting  the  odd  atom  of 
hydn^n  which  characterises  both  the  basic  and  acid  radicals  of  the 
hydrocarbon  series,  will,  no  doubt,  lead  many  persons  to  inquire,  what 
I  tJiink  of  Laurent  and  Gerhardt's  law  of  even  numbers  of  atoms  ? 
According  to  that  law,  nearly  all  organic  compounds  contain  an  even 
nmnber  of  atoms  of  carbon,  and  an  even  number  of  atoms  of  hydrogen. 
The  law  requires  the  atomic  weight  of  every  compound  to  be  so  estab- 
liBhdd,  that  the  vapour  of  its  atom  may  occupy  four  volumes.  This 
law  is  explained  more  fully  in  Gmelin's  Chermstrt/,  vol.  vii.,  p.  6,  and 
in  Laurenfs  Chemical  Method^  pages  46  to  129. 

My  opinion  of  the  law  is,  that  it  is  quite  true  and  utterly  useless. 
The  reason  is,  that  the  compounds  to  which  it  refers  are  all  complete  in 
two  volumes.  The  atoms  included  in  that  measure  must,  in  every  in- 
stance, either  be  even  or  odd.  The  law  requires  the  measure  to  be  taken 
tt  four  volumes.  If  the  original  numbers  are  even,  multiplication  by 
two  (to  make  two  volumes  into  four)  leaves  them  even.  If  the  numbers 
are  odd,  multiplication  by  two  makes  them  even.  The  law  therefore  is 
a  mere  artifice  of  arithmetic,  and  instead  of  holding  a  place  in  our  sys- 
tems of  chemistry,  it  ought  to  be  transferred  to  the  pages  of  Hutton's 
Mathematical  Recreations.  '^ 

Sulphur. — An  atom  of  sulphur  in  the  state  of  vapour  measures  one- 
sixth  part  of  a  volume ;  but  this  measure  disappears  when  the  sulphur 
is  in  combination  with  other  radicals.  The  sulphur  then  adds  to  the 
w^ht  of  the  compound  but  not  to  the  gaseous  volume.  When  one 
or  more  atoms  of  sulphur  are  combined  with  a  single  radical,  the 
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compound  measures  one  volume ;   when  they  are  combined  with  two 
radicals,  the  compound  measures  two  volumes.    The  presence  of  oxygen 
adds  nothing  to  the  measure. 
Examples : — 

C  H"  S  =  Methyl,  sulphide  =  Methyla  sulpha. 

C  BP  S*  «  Methyl,  bisulphide  =  Methyla  sulphene. 

C  IP  SO"  =  Methyl,  sulphate  =  Methyla  sulphete. 

C«H*  S  =  Ethyl,  sulphide  =  Ethyla  sulpha. 

C"H*  S*  =  Ethyl,  bisulphide  =  Ethyla  sulphene. 

C*H"S  =  Amyl,  sulphide  =  Amyla  sulpha. 

As(7H',S  =  Cacodyl,  sulphide  =  Oacodyla  sulpha. 

HS  =  Hydrosulphuric  acid  =  Hydra  sulpha. 

GS  =  Chloride  of  sulphur  «=  Chlora  sulpha. 

CIS*  =  Dichloride  of  sulphur  =  Chlora  sulphene. 

CISO  =  Chlorosulphuric  acid  «=  Chlora  sulphate. 

H,C*H* ;      S"        =    Mercaptan  =   Hydra  ethyla  sulphene. 

H,C*H";      S"        =   Hydrosulphide  of  amyl  =   Hydra  amyla  sulphene. 
C*H*,C*H* ;  S«0»    =   Sulphite  of  ethyl  =   Ethylene  sulphenite. 

H,C*H';      S*        =   Buty lie  mercaptan        =   Hydra  butyla  sulphene. 

,Q  ,  V.  ^  ^      rChlorinic  methyia  sul- 

CCl",SO  +  ClSO=|S'^J;g^°fj^}=|    P^te^cnm     chlora 

SO  =3  the  atom  of  sulphurous  acid  stas,  measures  one  volume,  al- 
though S  and  O  in  combination  with  other  elements  measure  nothing. 
S,S(^  =  anhydrous  sulphuric  acid,  and  HSO"  =  hydrated  sulphuric 
acid,  both  measure  two  volumes.  The  volume  of  these  thi^ee  compounds 
when  uncombined  witli  other  radicals,  is  therefore  quite  r^ular ;  that  is 
to  say,  the  sulphur  measures  as  a  radical,  and  the  oxygen  has  no  measure. 
SO'  and  SO*  in  combination  with  radicals,  measure  nothing. 

The  compound  CS*,  commonly  called  bisulphide  of  carbon,  but  which 
I  propose  to  call  xanthyl,  has  an  atomic  measure  of  two  volumes ;  but 
when  it  is  in  combination,  it  measures  nothing.  The  following  three 
gaseous  salts  contain  each  two  compound  organic  radicals,  besides  oxygen 
and  xanthyl,  and  each  measures  only  two  volumes : — 

0^,0^;   CS*0   =  Methylene  xanthylate. 

Cff  ,CH" ;    CS*S"  =  Methylene  xanthyla  sulphene. 

CH»,C«H* ;  CS*0    =  Methyla  ethyla  xanthylate. 

In  these  cases  the  basic  radicals  retain  their  full  measure :  the  carbon, 
sulphur,  and  oxygen,  measure  nothing. 
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Nitrogen. — The  specific  gravity  of  nitrogen  gas  is  14,  which  being 
taken  as  its  atomic  weight,  its  atomic  measure  is  one  volume. 

When  it  combines  with  oxygen  it  forms  three  gases  which  measure 
two  volumes  each : — 

Protoxide  of  nitrogen  =  N,NO. 
Deutoxide  of  nitrogen  =  NO. 
Peroxide  of  nitrogen     =      NOO. 

The  first  of  these  three  compounds  is  r^ular,  namely,  the  measure  of 
the  two  radicals  is  retained,  and  that  of  the  oxygen  is  lost.  But  the  last 
two  have  twice  the  measure  that  they  would  have,  if  the  oxygen,  ac- 
cording to  its  usual  practice  on  entering  into  combination,  disappeared. 
The  irregularity  of  these  two  compounds  is  similar  to  that  which  cha- 
racterises 00  and  COO.  When  in  combination  with  other  radicals,  NO 
and  NOO  measure  one  volume,  the  oxygen  disappearing. 

There  are  two  other  compounds  of  nitrogen  and  oxygen,  the  measures 
of  which  have  not  been  determined.  These  are  anhydrous  nitrous  add 
=  N,NO',  and  anhydrous  nitric  acid  =  N,NO*.  We  have,  however, 
the  atomic  measure  of  one  of  the  hydrates  of  nitric  acid  =  sHNO"  4- 
3EDBO.  The  measure  is  ten  volumes,  which  is  regular ;  namely,  four 
volumes  for  the  two  atoms  of  HNO',  and  six  volumes  for  the  three 
atoms  of  water.  The  nine  atoms  of  oxygen  present  in  this  compound 
measo..  nothing.  '^  ^ 

Ammonia. — Ammonia  contains  N-f-H*,  which  weigh  17 ;  its  specific 
gravity  is  8*5,  and  its  atomic  measure  is  consequently  two  volumes.  It 
is,  in  my  opinion,  not  a  radical,  but  a  salt ;  the  components  of  which  are 
H-f-NH".  The  compound  NH'  is  a  radical.  It  has  been  named 
amidogen,  or  briefiy  amid.  It  cannot  be  prepared  in  a  free  state,  but  its 
progress  can  be  traced  through  a  multitude  of  salts,  in  which  it  evidently 
acts  as  a  basic  radical.  I  assume,  therefore,  that  amid  is  a  radical,  and 
tiiat  its  atomic  measure  is  one  volume. 

The  compound  NH*,H  =  amida  hydra,  or  the  hydride  of  amid, 
cofflmonly  called  ammonia,  is  in  that  case  a  salt,  containing  two  radicals, 
and  having  therefore  an  atomic  measure  of  two  volumes. 

The  radical  NH'  =  amid,  and  the  salt  NH*,!!  =  ammonia,  are  subject 
to  have  part,  or  the  whole,  of  their  hydrogen  replaced  by  compound 
radicals.     The  following  are  examples : — 

NH,(?H»;       H  «  Aoetylamine. 
NH,C«H»;       H  =  Ethylamine. 
NH,CH»;       H  =  Methylamine. 
NH,^^;       H  =  Phenylamine  (Aniline). 
NH,C»H»;       H  =  Piperidine. 
NCIP,C*IP;   H  =  Methylopiperidine. 
NC«H*,0»IP;  H  =  Ethylopiperidine. 

n  2 
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These  salts  may  all  be  considered  as  the  equivalents  of  ammonia,  and 
they  each  possess  an  atomic  measure  of  two  volumes. 

A  great  number  of  compounds  of  this  description  are  formed  by  the 
combination  of  nitrogen  with  non-volatile  radicals.  My  illustrations  are 
here  restricted  to  compounds  that  form  gases. 

It  is  possible  that  the  compound  called  nicotine  =  NC*iF,  the  atomic 
measure  of  which  is  one  volume,  may  be  an  amid  =  !NH,C*H*. 

Compounds  of  Ammonia, — Ammonia,  as  I  have  said,  is  a  salt  and  not 
a  radical.  When  it  goes  into  combination,  it  does  not  combine  as  a 
basic  radical  with  an  acid  radical  to  produce  a  simple  salt,  but  it  com- 
bines as  a  salt  with  another  salt,  to  produce  a  compound  salt.  The 
result  is,  that  the  volatile  double  salts  of  ammonia  form  gases  whose 
atomic  measure  is  four  volumes,  because  each  double  salt  contains  four 
radicals.  The  only  exceptions  to  this  measure  are  where  the  radicab 
lose  their  measure  in  combination,  as  is  the  case  with  sulphur. 

Examples : — 

HjNH"  +  HCl       ....  Hydrochlorate  of  ammonia. 

H,NH*  +  HCy      ....  Hydrocyanate  of  ammonia. 

H,NH"  -I-  HTe Hydrotellurate  of  ammonia. 

H,NH«  +  HS  +  HS  .     .     .  Bi-hydrosulphate  of  ammonia. 

In  the  last  case,  the  amid  and  the  three  atoms  of  hydrogen  make  up  the 
four  volumes,  the  sulphur  having  no  measure.  In  the  third  example  we 
find  that  hydrotelluric  acid,  which  alone  measures  only  one  volume, 
produces  two  volumes  when  in  combination.  The  neutral  hydro- 
sulphate  of  ammonia  =  H,NIP  -j-  HS,  has  an  atomic  measure  of  three 
volumes,  because  the  sulphur  measures  nothing,  and  the  measure  is  made 
up  of  one  volume  of  amidogen  and  two  volumes  of  hydrogen. 

The  study  of  the  constitution  and  nomenclatm*e  of  the  anmioniacal 
salts  will  be  resumed  in  a  subsequent  section. 

When  nitrogen  combines  with  carbon  to  form  the  compound  radical 
cyanogen  =  CN,  the  product  measures  one  volume,  the  nitrogen  retain- 
ing its  measure,  and  the  carbon,  as  usual,  losing  it. 

In  the  cyanides  and  cyanates  the  atomic  measure  of  the  cyanogen  is 
retained;  but  the  following  examples  show  that  this  is  not  the  case 
with  the  cyanurates : — . 


Gaseous  chloride  of  cyanogen 

ClCy      =  2  volumes. 

Solid  chloride  of  cyanogen 

ClCy     =     -J-  volume. 

Cyanate  of  ethyl 

C«H*,CyO  =  2  volimies. 

Cyanurate  of  ethyl 

C*H*,CyO  =     ^volume. 

Cyanide  of  methyl 

CH",Cy     =  2  volumes. 

Cyanurate  of  methyl 

CH»,CyO  =     f  volume. 

Tliese  relations  lead  to  the  inference  that  cyanogen  exists  in  the  cyanates 
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ferent  physical  conditions,  and  that,  in 
'operties,  common  to  several  elements,  of 
lie  measure  of  ^  volume,  with  the  power 
'  all  radicals  with  which  it  combines  from 
ime ;  whence  it  follows  that,  as  is  shown 
re  a  common  measure  of  ^  volume.  It  is 
in  this  condensed  condition  in  its  fulmi- 
iive  decompositbn  by  heat  renders  the 
'  impossible.  I  propose  to  distinguish,  in 
igen  of  the  cyamirales  fi^am  that  of  the 
ing  to  the  former  the  sign  Cyl  and  the 
Dus  salu  referred  to  above  as  measuring 


=  Chlora  cyanyla. 
s  Ethyla  cjianylate. 
=  Medijla  cyanylat«. 

NE,  FLUORiifE. — These  elements  when 
ling  with  compound  organic  radicals,  or 
omic  measure  undiminished.  See  group 
ey  become  constituents  of  radicals,  acting 
ee  page  gj),  they  become  subject  to  the 
ie  their  atomic  measure.  See  the  proof  of 
'Chlorine  Compounds"  in  the  Table  of 
a  few  comparative  examples  of  hydrt^en 


ride  of  acetyl 


■  of  ethyl 

lorjnated  ditto  = 

nated  ditto  = 

inated  ditto  = 

[ilorinated  ditto  = 

iloride  of  carbon  ?  =    a  volumes. 
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=  Marsh  gas  =    a  ^ 

=    Chloroform  =   2  ' 

=  Methyl  =  I  1 

=  Sesquichloride  of  carbon?  =  i  ■ 

=  Perchloride  of  fonnyl  =  1  ' 

=  iKitch  liquid  —  I  ' 

=   Visyl  (olefiant  gas)  =    i  ^ 

s   Protochloride  of  c&rbon        =    i  ' 
=    Chloride  of  ftamyl  =    i  ■ 

en,  that  one,  two,  three,  four,  or  five  volomes  of  chlorine 
titntes  for  equal  volumes  of  hydn^en,  become  part  of  a 
iical,  which  radical  raeasores  altogether  only  one  vdoine ; 
le  salt  which  containe  that  componnd  radical,  may  also  coO' 
nple  radical,  chlorine,  retaining  its  fall  measure  of  one 
le  atom. 

londs  of  chlorine  with  oxygen  present  some  peculiarities. 
I  add  =  CI,C10  measmes  two  volumes,  and  is  therefore 
rygen  measuring  nothing.  Chloric  oxide,  or  the  peroxide 
CIO*,  also  measures  two  volmnes,  which  is  irregular,  as  it 
one  radical.  This  irregularity  resembles  that  which  occurs 
.  add  ==  CO*,  and  the  peroxide  of  nitrogen  =  NO*.  All 
nds  become  regular  when  they  become  part  of  salts.  The 
I  oiygen  then  disappears.  Chlorous  add  =  CICIO*,  appa- 
Jiree  volnmes  of  vapour,  bat  the  spedHc  gravity  of  the  gas 
not  been  correctiy  determined.  Chlorosulphiuic  add 
sures  one  volume;  the  double  salt  €01*^0  -{-  CISO  mea- 
umes.  Both  of  these  salts  are  regular,  on  the  supposition 
.  compound  radical  (vicarious  methyl^,  and  that  S  and  O 
:ng. 

mic  acid  =  CICrO  also  measures  one  volume,  which  seems 
at  Chromium,  like  snlphur,  measures  notJiing  when  in  corn- 
other  radicals. 

er  hand,  chloro-nitrons  gas  =  CINO  measures  two  volumes 
lar,  becatise  ndther  nitrogen  nor  chlorine  lose  thdr  measuie 
a ;  while  here,  as  in  all  cases,  the  volome  of  the  oxygen 

rs, — The  atomic  weight  of  phosphorus  is  3 1 ,  and  tiie  spe- 
f  its  vapour  is  62,  so  that  its  atomic  measure  is  half  a 
i  atom  of  phosphorus,  on  combining  with  other  radicals. 
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redaoes  the  measure  of  the  whole  of  them  from  a  volmne  each  to  half  a 
%'olnme,  and  then  adds  to  the  product  its  own  half  volmne. 
Examples : — 

H'P.     The  measure  is  2  volumes  =  {  +  i. 
Phosphuretted  hydrogen  =  Hydrine  phospha. 

Q'P.    The  measure  is  2  volumes  =  f  +  i- 
Terchloride  of  phosphorus  =  Chlorine  phospha. 

C1*P.    The  measure  is  3  volumes  =  |.  +  j-. 
Pentachloride  of  phosphorus  =  Chlorune  phospha. 

C1*P0.  The  measure  is  2  volumes  =  f  -|-  ■!■. 
Oxychloride  of  phosphorus  =  Chlorine  phosphate. 

CIP,C»H»,C*H* ;  P0».    The  measure  is  2  vols  =  |  +  J. 

Tribesic  phosphite  of  ethyl  s  Ethyline  phosphite. 

This  is  a  remarkable  case.  The  three  atoms  of  ethyl  are  all  reduced 
from  one  volume  each  to  half  a  volume,  so  that  phosphorus  has  the  same 
power  of  reduction  over  compound  radicals  that  it  has  over  elementary 
cBdicals.    The  ojygen  as  usual  disappears. 

IPP,HI.  The  atomic  measure  is  four  volumes.  I  regard  this  as  a 
doable  salt  The  measure  of  ITP,  as  shown  above,  is  two  volumes 
'  i  +  -}-•  The  measure  of  HI,  as  shown  at  page  59,  is  two  volumes. 
These  two  salts  combine  without  farther  condensation.  Hydriodate  of 
phosphuretted  hydrogen  a  hydrine  phospha  cum  hydra  ioda. 

HT,HBr.  Similar  to  the  preceding.  The  measure  is  four  volumes. 
Hydrine  phospha  cum  hydra  broma. 

Absenic. — ^The  atom  of  arsenicum  s  Asc,  atomic  weight  =25, 
measures  ouensixth  of  a  volume  in  the  state  of  gas,  for  its  specific  gravity 
is  150.  When  arsenic  combines  with  another  radical,  it  causes  the 
itomic  measure  of  that  other  radical  to  be  reduced  from  a  volume  to  half 
a  volume  =:  three-sixths  of  a  volume,  to  which  the  arsenic  adds  its  one- 
sixth  of  a  volume,  producing  in  all  fournsixths  of  one  volume.  The 
atomic  measure  of  all  the  following  examples  is  therefore  four-sixths  of  a 
vofaune: — 

AscCl      Chloride  of  arsenic  =  Arsanic  chlora. 

AscI         Iodide  of  arsenic  =  Arsanic  ioda. 

AscH       Arseniuretted  hydrogen  =  Arsanic  hydra. 

AscCP*  Arsentriethyl  =  Ethyla  arsanic. 

Arsenious  add  in  the  state  of  gas  measures  two-sixths  of  a  volume,  or 
only  half  as  much  as  the  other  compounds  of  arsenic  This  is  easy  of 
o^^anation.     Its  formula  is  Asc,AscO,  namely,  it  contains  two  arsenic 


r^ 
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atoms,  each  measuring  one-sixth  of  a  volmne,  and  one  atom  of  oxygen, 
which  measures  nothing.  The  systematic  name  of  Asc,AscO  is  arsanic 
arsanicate. 

Cacodyl  contains  one  arsanous  atom,  weighing  7  J,  and  two  atoms  of 
methyl,  weighing  in  all  105.  This  compound  might  be  expected  to 
measure  i  -^  2  vohimes ;  but  its  measure  is  exactly  one  volume.  The 
reason  of  this  is,  that  this  compound  is  a  radical,  and  has  the  measurej 
as  it  is  the  equivalent^  of  one  volume  of  hydrogen.  All  the  compounds 
of  cacodyl  are  regular  in  their  atomic  measure,  even  the  oxychloride  = 
6  [AsC*H«,Cl]  4-  [AsC*fl*J*0,  which  contains  six  atoms  of  chloride  of 
cacodyl,  with  one  atom  of  oxide  of  cacodyl ;  for  it  has  the  remarkable 
atomic  measure  of  fourteen  volumes,  being  two  volumes  for  each  of  the 
seven  regular  salts  which  compose  it. 

Contrary  to  the  opinion  usually  entertained  by  chemists,  the  action  of 
arsenic  in  gaseous  compounds,  whether  we  refer  to  the  arsanic  atom  or 
the  arsanous  atom,  is  different  from  the  action  of  phosphorus.  If  we 
adapted  another  atom  of  phosphorus  =  Pc,  weighing  10.33,  which 
would  be  the  equivalent  of  i  volume  of  hydrogen,  they  would  be 
brought  into  harmony. 

Antimony. — ^We  do  not  know  the  atomic  measure  of  antimony,  be- 
cause it  is  not  volatile,  but  we  can  examine  its  action  upon  other  radicals, 
and  we  then  find  that  the  stibanic  atom  acts  precisely  in  the  same 
manner  as  the  arsanic  atom, — its  compounds  presenting  the  atomic  mea- 
sure of  four-sixths  of  a  volume,  exactly  as  they  would  do  if  the  measure 
of  the  stibanic  atom  was  one-sixth  of  a  volume,  and  it  had  the  same 
jx)wer  that  is  possessed  by  the  arsanic  atom,  of  reducing  the  measure  of 
other  radicals  in  combination  with  it,  from  a  volume  to  three-sixths  of  a 
volume,  and  then  adding  to  the  result  its  own  one-sixth  of  a  volume, 
making  in  all  four-sixths  of  a  volume.     Examples : — 

SbcCl  =  Terchloride  of  antimony  =  Stibanic  chlora. 
SbcH  =  Antimoniuretted  hydrogen  =  Hydra  stibanic. 
SbcC*H»   =    Stib^thyl  =   Ethyla  stibanic. 

Bismuth. — The  measure  and  condensing  power  of  the  bismanic 
atom  are,  apparently,  the  same  as  those  of  the  stibanic  and  arsanic  atoms, 
the  measure  of  the  following  compound  being  four-sixths  of  a  volume : 

BicCl.  Chloride  of  bismuth  =  bismanic  chlora. 

Boron. — Boron  is  not  volatile  when  isolated.  Its  atom  has,  appa- 
rently, the  same  atomic  measure  and  condensing  properties  as  the  arsanic 
atom,  namely,  it  reduces  other  radicals  to  three-sixths  of  a  volume,  and 
then  adds  its  own  one-sixth  of  a  volume.  Hence,  all  its  compounds 
measure  four-sixths  of  a  volume.     Examples : — 
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Chloride  of  boron  =  Bora  chlora. 

Fluoride  of  boron  =  Bora  fluora. 

>  Borate  of  ethyl  =  Ethyla  borate. 

•  Borate  of  amyl  =  Arnyla  borate. 

•  Borate  of  methyl  =  Methyla  borate. 

otnic  measnre  of  silicon  is  unknown.  When  it 
reduces  the  measure  of  the  radical  it  is  combined 
e  to  half  a  volume,  adding  nothing  for  its  own 
ing  examples  all  measure  half  a  volmne : — 

=  Chloride  of  silicon  =  Sila  chlora. 

=  Fluoride  of  silicon  =  Sila  fluora. 

=  Silicate  of  ethyl  =  Ethyla  silate. 

=  Silicate  of  amyl  —  Amyla  silate. 

gaseous  coropoond  containing  silicon,  the  atomic 
.  one  volume  and  a  half.  This  compDund  is  the 
on  =  Si'Cl'S,  thp  atomic  weight  of  which  is  109*5> 
^  'J3.  To  account  for  this  singular  atomic  volmne, 
compomid  contains  CIS,  which  measm'es  one 
measures  half  a  volume,  and  Si'  which  measure 
volume  and  a  half  together. 
1  silicon,  all  diOer  from  one  anothar  in  their  power 
nic  measure  of  compound  gases. 

volatile,  and  its  volume  is  unknown.  The  stanic 
iure  nothing  in  combination,  and  to  have  the  power 
it  combines  with,  from  a  volume  to  half  a  volume, 
of  the  following  compound  : 

.  Stannic  chloride  =  Stanic  chlora. 

tame  as  tin.     The  following  salt  mcasm:es  half  a 

!!!h1oride  of  titanimn  =  Tita  chlora. 

atomic  measure  of  tellurium  is  unknown.  It 
O  lose  its  volume  in  combination,  without  altering 
lical  with  which  it  combines.  The  atem  of  the  fol- 
one  volmne : 

jlloretted  hydrogen  =  Hydra  tellura. 

ts  another  character  when  in  combination  with 

00). 

iuro,  like  telhulnm  and  solphor,  has  no  mensare 


« 
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when  in  combination,  and  it  leaves  unaltered  the  radical  with  which  it 
combines.  An  atom  of  each  of  the  following  gases  measures  one  volume, 
so  that  selenium,  like  sulphur,  retains  its  volume  when  combined  with 
oxjgen,  though  it  loses  it  in  all  other  cases. 

HSe.  Seleniuretted  hydrogen  =  Hydra  sela, 
SeO.  Selenious  acid  =  Selate. 

Zinc. — If  we  may  judge  from  the  single  gaseous  compound  of  it  that 
is  known,  zinc  acts  like  sulphur,  namely,  it  loses  its  measure  in  com- 
bination, without  condensing  the  radical  with  which  it  combines.  Hence 
the  following  gas  measures  one  volume : 

ZnC*H*.  Zinc  ethyl  =  Ethyla  zinca. 

"  The  vapour  volume  of  zincethyl,"  says  Frankland,*  "  is  highly  re- 
markable, and  almost  compels  us  to  conclude  that  the  vapour  volume  of 
the  double  atom  of  zinc  is  only  equal  to  that  of  oxygen,  instead  of  cor- 
responding with  the  volume  of  hydrogen,  in  acoordanoe  with  the  gene- 
rally received  supposition.  Zincethyl,  therefore,  appears  to  belong  to 
the  so-called  water  type,  and  to  consist  of  two  volumes  of  ethyl  and  one 
volume  of  zinc  vapour ;  the  three  volumes  being  condensed  to  two ;  for 
if  we  were  to  assume  that  an  equivalent  of  zinc  occupies  the  same 
vapour  volume  as  an  equivalent  of  hydn^en,  we  should  then  have  the 
anomaly  of  the  combination  of  equal  vdfumes  of  two  radicals  being 
attended  by  condensation." 

If  Dr.  Frankland  will  compare  zinc  ethyl  with  sulphide  of  ethyl,  he 
will  perceive  that  the  vapour  volume  of  zincethyl  is  in  no  respect  more 
remarkable  than  that  of  sulphide  of  ethyl.  In  both  salts,  the  ethyl 
retains  its  measure  of  one  volume.  In  both  salts,  the  combined  radical, 
^-sulphur  in  the  one  and  zinc  in  tiie  other, — ^loses  its  volume.  It  is  of 
no  use  to  trouble  ourselves  with  a  suppositious  atomic  measure  of  zinc 
vapour,  because  we  can  neither  prove  nor  disprove  any  possible  con- 
jecture respecting  it,  and  therefore  can  apply  the  conjecture  to  no  useful 
end.  Our  knowledge  of  the  actual  atomic  measure  of  the  vapour  of  sul- 
phur is  of  no  service  to  us  in  explaining  the  constitution  of  the  sulphur- 
ous gases,  because  its  measure  in  combination  has  no  relation  to  its 
volume  in  the  free  state.  But  on  examining  the  compounds  of  sulphiu* 
and  zinc  with  ethyl,  it  is  easy  to  see  that  the  ethyl  of  each  retains  its 
measure,  while  the  measure  of  the  sulphur  and  the  zinc  are  both  lost. 

The  volume  of  a  compound  gas  has  no  constant  relation  to  the 
volumes  of  its  radicals  per  se.  It  depends  upon  the  measure  which  the 
radicals  retain  in  combination^  and  upon  the  condensing  poMoer  which  each 
can  exercise  upon  the  other. 


*  Proceedings  of  the  Royal  Society  (1855),  VIL  304. 
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lat  there  are  two  chemical  atoms  of 
lighing  aoo,  and  the  mercuric  atom 
ty  of  gaseous  mercury  is  loO,  which 
I  and  to  the  atomic  measnre  of  one 
n  combines  with  a  radical,  it  loses  its 

_  _jre  of  the  radical  with  which  it  com- 

s  imchflDged.     Consequently,  the  following  compormds  have  all  a 
re  of  one  volume,  which  is  due  to  the  metalloid : — 

HgcC3  Mercuric  chloride  =  Mercuric  chlora. 
HgcBr  Mercuric  bromide  =  Mercuric  broma. 
Hgcl     Mercuric  iodide      =  Mercuric  loda. 

len  the  mercurous  atom  goes  into  combination  with  a  radical,  it 
me  volume  to  the  measure  of  the  radical.  Hence  the  following 
imds  measure  two  volumes : — 


HgCl  Mercurous  chloride    =   Mercurous  chlora. 
BgBr  Mercurous  bromide    =   Mercurous  broma. 

!  compound  of  the  mercuric  atom  with  solphur,  the  mercuric  sol- 
OT  dnnabar,  has  an  atomic  measnre  of  one  volume  and  a  half.  In 
ae  the  mercuric  atom  retains  its  volume,  and  the  sulphur  triples 
□me.  It  is  one  of  the  few  ezamplea  of  i4>parent  expansion.  The 
:  gravity  is  given  on  tJte  authority  <^  Mitscherlich,  but  it  is  poo- 
ncorrect: 

HgcS.  Mercuric  sulphide  =  Mercuric  sulpha. 


nuBT. — Notwithstanding  the  differences  that  exist  in  the  powers 
various  elements,  and  the  irregularities  that  occur  in  special  gases, 
OSes  which  modify'  the  atomic  measure  of  compound  gases,  are 
'  imperceptible  nor  incapable  of  reduction  to  E^'stematic  order.  I 
ttonpted  to  give  them  a  useful  arrangement  in  the  Table  on  the 
age. 

ive  limited  this  sommaiy  to  the  spedGcation  of  three  peculiarities 
h  element  or  radical.  First,  its  atomic  measure  in  the  free  state, 
ler  it  has  been  ascertained.  Secondly,  its  measure  when  in  cotn- 
>n  with  other  radicals.  Thirdly,  the  condensing  power  possessed 
!  atom  of  each  element  or  iadi<^,  on  each  volume  of  every  radical 
rhich  it  combines. 

gen,  though  not  a  radical,  is  placed  at  the  bead  of  the  list,  as  a 
rd  of  comparison. 
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Nnmber  5  in  this  list  would  become  n^lar  if  fonnulated  thus : 
Ca*,Cl+CCl",C10,  where  OCT  represents  bichlorinated  vinyl ;  and,  for 
the  same  reason,  number  6  would  be  regular  if  formulated  CC1*,C1S. 


Method  commonly  employed  by  Chemists  to  find  the  Specific 
Gravity  of  CJompound  Gases. — ^The  usual  method  of  calculating  the 
specific  gravities  of  compound  gases,  is  described  by  Sir  Robert  Kane  as 
follows.*  "  The  simplicity  shown  to  exist  between  the  volumes  of  the 
constituent  and  compound  vapours,  enables  us  very  often  to  calculate 
beforehand  what  the  specific  gravity  of  a  vapour  should  be,  and  thus  to 
ascertain  how  closely  the  numbers  found  experimentally  approach  to 
absolute  correctness.  .  .  .  The  general  rule  is  to  multiply  the 
specific  gravities  of  the  simple  gases  or  vapours  respectively,  by  the 
volumes  in  which  they  combine,  to  add  these  products  together,  and 
then  to  divide  the  sum  by  the  number  of  volumes  of  the  compound  gas 
produced." 

To  be  able  to  put  this  rule  into  practice,  we  must  know  the  specific 
gravities  of  the  gases,  as  commonly  expressed  in  terms  referring  to  the 
density  of  air  as  unity,  and  we  must  also  know  the  assumed  combining 
volume  of  each  elementary  gas,  and  the  measure  of  the  compound  gas. 

On  the  radical  theory,  we  require  only  the  formula  of  the  compound 
gas,  and  the  data  presented  in  the  above  Table,  to  be  able  to  calculate 
not  only  the  specific  gravity  of  the  compound  gas,  but  its  atomic  mea- 
sure also,  which  is  a  quantity  that  the  ordinary  rule  requires  to  be  given 
as  one  of  the  data  from  which  to  calculate  the  specific  gravity. 

Examples : — 

HHO  =  Water,  Atomic  weight  1  +  1  +  16=  18.  The  two  atoms 
of  hydrogen  measure  two  volumes  in  combination,  and  the  oxygen 
measures  nothing.  Hence  the  atomic  measure  is  two  volumes,  and  the 
specific  gravity  is  18  +  2  =  9.  To  find  the  specific  gravity  in  terms 
referring  to  air  taken  at  I'OO,  the  specific  gravity  9  must  be  divided  by 
14-47. 

SncCl  =  Chloride  of  Tin.  Atomic  weight  29*5  4-  35'5  =  65.  The 
atom  of  tin  measures  nothing  in  combination,  and  it  reduces  the  mea- 
sure of  the  chlorine  from  one  volume  to  half  a  volume.  Hence  the 
atomic  measure  of  the  salt  is  half  a  volume,  and  as  it  requires  two 
atoms  of  the  compound  to  complete  one  volume,  the  specific  gravity  is 
65  X  2  =  130. 

C*H*,S  +  HS.  Mercaptan.  The  hydrosulphate  of  sulphide  of  ethyl. 
Atomic  weight,  29  +  16  +  i  +  16  =  62.  The  atom  of  ethyl,  like  all 
the  compound  organic  radicals,  measures  one  volume  in  combination. 
The  atom  of  hydrogen  measures  one  volume.   The  two  atoms  of  sulphur 


Elements  of  Chemistry  (1849),  page  290. 
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have  been  laid  down  by  M.  Gerhardt.  I  copy  them  from  his  recently- 
published  Traite  de  Chimie  Organiqm^  tome  iv.  I  may^  premise,  that 
the  objects  which  M.  Gerhardt  has  in  view,  are  to  establish  certain  laws 
by  which  monobasic,  bibasic,  and  tribasic  acids  may  be  distinguished 
from  one  another,  and,  in  particular,  to  demonstrate  that  sulphuric  add 
and  oicalic  acid  are  bibasic  acids.  To  this  end,  he  lays  down  certain 
absolute  laws,  and  adduces  such  e3camples  as  he  considers  sufficient  to 
prove  their  accuracy  and  universality.  I  shall  quote  the  laws  and  proofis, 
and  then  examine  their  trustworthiness. 

*'  Considered  in  the  state  of  vapour  and  in  the  same  volume,  the  neu- 
tral ethers  of  bibasic  acids  contain  tmce  the  radical  of  the  alcohol,  where 
the  neutral  ethers  of  monobasic  acids  contain  ^only  onc6  that  radical.'' 
—Page  653. 


I. 

2. 

4- 

^fCTPO 

^fC»H»0 

2  volumes 

2  volumes 

2  volumes 

2  volumes 

Benzoate  of 

Acetate  of 

Sulphate  of 

Oxalate  of 

Ethyl. 

Methyl. 

Methyl. 

Ethyl. 

*'  Considered  in  the  state  of  vapour  and  in  the  same  volume,  the 
chlorides  of  bibasic  acids  (the  dichlorides)  contain  twice  the  radical  chlo- 
rine, where  the  chlorides  of  monobasic  acids  contain  it  only  once.'* — 
Pages  653  and  724. 


a,(7H*0 

6. 
C1,C«IP0 

7- 
C1*,S0« 

8. 

a«,co 

2  volumes 

2  volmnes 

2  volumes 

2  volumes 

Chloride  of 

Chloride  of 

Chloride  of 

Chloride  of 

Benzoyle. 

Acetyle. 

Sulphuryle. 

Carbonyle. 

'*  Considered  in  the  state  of  vapour,  and  in  the  same  volume,  the 
neutral  ethers  of  tribasic  acids  contain  three  times  the  radical  of  the 
alcohol,  where  the  neutral  ethers  of  bibasic  acids  contain  that  radical  only 
twice,  and  those  of  monobasic  acids  contain  it  only  once." — ^Pages  658 
and  694, 

2  volumes  2  volumes  2  volumes 

Acetate  of  Oxalate  of  Cyanurate  of 

Ethyl.  Ethyl.  Ethyl. 

**  Considered  in  the  state  of  vapour,  and  in  the  same  volume,  the 
chlorides  of  tribasic  acids  (the  trichlorides)  contain  three  times  the  radical 
chlorine,  where  the  chlorides  of  bibasic  acids  contain  that  radical  only 
twice^  and  tlie  chlorides  of  monobasic  acids  contain  it  only  once.^ — Pages 
658  and  725. 


a",B 

CI<P 

C1*,P0 

2  volumes 

2  vdamea 

a  volumes 

aiorideof 

Chloride  of 

Chloride  of 

Bortm.' 

Phosphorus. 

Phoephoryle. 
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n.  14-  15- 

Cl'.Cy' 

Chloride  of 
Cyanuryle." 

These  laws  are  evideiitly  fonnded  upoD  the  examples  which  M.  Ger- 
hardt  has  adduced  to  support  them.     According  to  him,  the  examples 

prove  that  bibasic  and  tribasic  acids  aSect  the  atomic  measure  of  com- 
pansd  gnses,  or  gaseous  salts,  in  a  maimer  entirely  diifcrent  from  that  in 
which  they  are  affected  by  monobasic  acids;  so  that,  if  you  examine 
two  volumes  of  the  vapour  of  a  salt,  and  Gnd  therein  one,  or  two,  or 
tlirce  basic  radicals,  the  acid  is  with  certainty  known  to  be  monobasic, 
bitsstc,  or  tribasic,  according  to  the  number  of  the  basic  radicals  which 
yoor  examination  discloses  in  the  two  volumes  of  vapour.  In  the  same 
mmner,  the  examination  of  two  volumes  of  a  gaseous  chloride,  and  the 
discovery  therein  of  one,  or  two,  or  three  atoms  of  chlorine,  proves  to 
B.Gerhardt,  that  the  radical  with  which  the  chlorine  is  combined,  is 
that  of  a  monobasic,  bibasic,  or  tribasic  acid,  according  to  the  cumber  of 
atoms  of  chlorine  that  are  discovered  to  be  present  in  the  two  volumes 
of  vapour  that  are  anbrnitted  to  examination. 

The  examples  that  I  have  quoted  seem  to  support  tht'se  doctrines ; 
kt  the  iacts  are  accurate,  and  M.  Gerhardt's  inferences  are  plausible. 
**  '  '  mnot,  upon  evidence  of  this  description,  and  of  this  limited  ex- 
np  at  once,  with  that  chemist,  to  the  conclusion,  that,  because 
imies  of  sulphate  of  methyl  contain  two  atoms  of  methyl,  sul- 
dd  is  bibasic,  or  that,  beamse  two  volumes  of  oxalate  of  ethyl 
two  atoms  of  ethyl,  oxalic  acid  is  bibasic.  True  as  the  facts  are, 
Terences  do  not  necessarily  follow. 

B  check  M.  Gerhardt's  examples  by  what  we  have  ascertained,  in 
manner,  to  be  tme  in  regard  to  tlie  measure  of  compound  gases. 
see  why  his  formulfe  agree  in  all  cases  with  two  volumes  of 
and  yet  &il  to  prove  the  truth  of  his  propositions. 
.  Senxoate  of  Ethyl  =  CH',^!!^!*.     There  are  two  volumes 
ir  becanse  tliere  are  two  radicals, 
u  aiidtdl  the  txampUa  the  oxygen  measurei  nothing. 
I.  AoetcUe  of  Methyl  =  CH'.CH'O*.     Again,  there  are  two  vo- 
f  vapour  b«ause  there  are  two  radicals, 

J.  Sulphate  of  Methyl  -  CH",SO'.  M.  Gerhardt  arbitrarily 
theatomic  weight  of  sulphur.  Ireduceitto  i6,  the  usual  weight, 
t,  according  to  the  corrected  formula,  dPiSO*,  has  two  radicals, 

Gerhardt's  atonuc  weight  of  sulphur  is  twice  as  much  as  mine. 
It  of  boron  three  times  as  much.  The  weights  of  the  other 
s  agree  with  noine. 
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one  acid  and  one  basic ;  but  I  have  shown  (page  97)  tiiat  snlphnr,  when 
acting  as  an  acid  radical  in  a  gaseous  salt,  measures  nothing.  The  salt 
is  therefore  complete  in  one  volume ;  and  the  reason  that  two  volomes 
of  the  vapour  contain  two  atoms  of  methyl,  is  because  two  volumes  of 
the  vapour  contain  two  complete  atoms  of  the  salt  If  the  weight 
of  one  atom  of  sulphur  could  be  proved  to  be  32,  that  is  to  say,  the 
equivalent  of  two  atoms  of  hydrogen,  then  M.  Gerhardt  woold  have 
some  ground  for  his  doctrine,  but  as  ail  attainable  evidence  proves 
the  atomic  weight  of  sulphur  to  be  1 6,  or  the  equivalent  of  one  atom  of 
hydrogen,  the  examination  of  this  gaseous  salt  affords  no  proof  that  sol* 
phuric  acid  is  bibasic. 

No.  4.  Oxalate  of  Ethyl  =  C»BP,CO*.  This  salt  is  complete  in  one 
volume,  because  the  radical  carbon  measures  nothing  when  combined 
with  other  radicals.  Two  volumes  of  vapour  contain  two  atoms  of  ethyl, 
because  they  contain  two  atoms  of  oxalate  of  ethyl  The  salt  therefore 
lends  no  support  to  the  notion  that  oxalic  acid  is  bibasic.  M.  Gerhardt 
makes  the  oxalates  appear  to  be  bibasic  by  doubling  the  quantities  of 
all  the  components.  His  formula  is  not  a  demonstration  but  an  assump- 
tion. 

No.  5.  Chloride  of  BenzoyU  «  C?H*,C10.  Two  volumes  of  vapour 
contain  two  radicals  uncondensed. 

No.  6.  Chloride  of  AoetyU  =  C"H»,aO.  Two  volumes  of  vapour 
contain  two  radicals  uncondensed. 

No.  7.  The  compound  which  M.  Gerhardt  calls  Chloride  cf  Sid- 
phuryle  =  Cl',SO*,  is  that  which  I  have  described  at  page  56,  under  the 
designation  of  chlorosulphuric  add  =  CISO.  An  atom  of  this  salt 
=  CISO,  measures  one  volume,  because  the  chlorine  alone  retains  its 
measure,  the  sulphur  and  oxygen  losing  theirs.  Two  volumes  of  this 
compound  contain  two  complete  atoms  of  the  salt,  and  therefore  two 
atoms  of  chlorine.  M.  Gerhardt*s  inference,  that  the  two  volumes  of 
vapour  contain  one  atom  of  bibasic  sulphwryley  is  a  fallacy,  founded  upon 
the  arbitrary  assumption  that  one  atom  of  sulphur  weighs  32. 

No.  8.  The  salt  which  M.  Gerhardt  calls  chloride  of  carbonyle  = 
CI*,CO,  is  that  which,  at  page  55  of  this  work,  is  called  phosgene  gas 
=  CCI,C10,  acoordmg  to  which  formula  the  salt  is  an  oxychloride  of 
chloricformyL  Upon  either  supposition,  the  salt  should  have  an  atomic 
measure  of  two  volumes ;  in  the  first  case,  because  CO  measures  nothing 
in  combination,  and  CI*  are  uncondensed,  and  measure  two  volumes ;  in 
the  second  case,  because  CCl  =  an  atom  of  formyl  that  contains  01^,  in- 
stead of  H^  measures  one  volume,  and  CIO  also  measures  one  volume. 
The  measure  of  two  volumes  is  therefore  due  solely  to  the  two  volumes 
of  chlorine,  the  carbon  and  oxygen  measuring  nothing.  There  is  no 
evidence  to  prove  that  the  oompotmd  which  M.  Gerhardt  calls  carbonyle 
=  CO  is  a  bibasic  acid  radical. 

It  does  not  appear  that  M.  Gerhardt  knew,  or  duly  appreciated,  the 
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&/A  that  oxygen,  carbon,  and  snlphnr  have  no  gaseons  measure  when' 
combined  with  radicals  to  £:>rm  salts ;  and  that,  in  the  salts  which  con- 
tam  these  elements,  it  is  the  basic  radicals  alone  that  make  up  the  mea- 
sure  of  the  compoond  gases.  The  consequence  is,  that  his  laws  re- 
specting the  measure  of  salts  that  contain  the  so-called  bibasic  acids, 
fbonded  as  they  are  upon  the  examination  of  those  salts  only  that  con- 
tain solphnr  and  carbon  as  radicals,  are  &llacious.  They  apply  to  the 
exoepti(nal  cases  upon  which  they  are  founded,  and  to  nothing  else. 
The  three  hundred  gases  described  between  pages  50  and  63  do  net 
afibid  a  single  example  to  justify  them. 

I  pass  to  the  consideration  of  the  laws  that  relate  to  tribasic  acids. 
The  Example  No.  9  is  equivalent  to  No.  2.  No.  10  is  a  repetition  of 
No.  4.  No.  II  is  a  salt,  the  composition  of  which  I  have  already  dis- 
CDSBed  at  page  loi,  where  I  have  attempted  to  show  that  its  proper 
measure  is  not  two  volumes,  bnt  ^  volmne.  See  fiirther  particulars  on 
this  head  in  ihe  account  of  Example  No.  1 5.  M.  Gerhardt  might  have 
faiOQght  forward  a  more  striking  example  in  support  of  his  law.  This 
is  the  tribasic  formiate  of  ethyl  No.  2  in  the  Table  of  Irregular  Gases, 
fonnokted  at  ipa^  109.  This  salt  agrees  perfectly  with  the  law  in 
question:  (?H*,C»IP,CfBP ;  CHO»;  atomic  weight,  148;  sp.  gr.  74; 
atomic  measure,  t?px)  volumes ;  number  of  basic  radicals,  three,  tln- 
Inddly,  the  conformity  of  this  salt  is  neutralised  by  the  nonconformity 
of  the  parallel  salt  No.  4  in  the  same  Table,  namely,  the  tribasic  formiate 
rfmediyl  =  CH»,CIP,CIP;  CHO»;  atomic  weight,  103 ;  sp.  gr.  35-33 ; 
Bomber  of  basic  radicals,  three ;  atomic  measure,  three  volumes,  tl pon 
two  examples  which  neutralise  one  another  we  cannot  prudently  found 
a  law  having  pretensions  to  general  applicability. 

The  next  law  relates  to  the  chlorides  of  tribasic  adds. 

No,  I  a.  Chloride  of  Boron.  I  divide  M.  Gerhardt's  atomic  weight  of 
bopon  by  3,  which  converts  his  formula  from  C1»B  to  Cl^B*.  This  for- 
rauk  no  doubt  represents  ttoo  voiumes  of  the  gas,  but,  as  it  appears  to  me, 
It  also  represents  three  atoms  of  the  salt ;  the  small  atom  of  boron  is  the 
equivalent  of  one  atom  of  hydrogen  or  of  chlorine.  No  advantage  is 
obtained  by  treating  as  trichlorides  compounds  which  can  be  just  as  well 
treated  as  simple  chlorides.  I  therefore  write  CIB  as  the  proper  formula 
of  the  compound  described  at  pages  32  and  104  in  this  work.  Boron, 
» I  undefstand  it,  is  the  base  of  a  monobasic  and  not  of  a  tribasic  add, 
■id  I  vrill  show  in  another  section,  that  all  the  chemical  reactions  in 
whidi  boron  plays  a  part,  can  be  described  accurately  and  simply  by 
equations  that  refer  to  it  in  its  monobasic  character, 

Na  13.  Chhride  f  Phoq>harus  =  C1»P. 

Na  14.  Oxt/chkride  of  Phosphorus  =  C1"P0.  I  have  shown  at  page 
102  how  it  happens  that  three  atoms  of  chlorine,  in  combmation  with  an 
stom  of  phosphorus,  produce  two  volumes  of  vapoor,  either  in  the  pi'e- 
sence  or  absence  of  oxygen :  it  is  because  phosphorus  in  all  cases  con- 
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denses  the  radicals  it  combines  with  from  one  volmne  each  to  half  a 
Tolome,  adding  thereto  its  own  measure  of  half  a  volume.  It  acts  thus 
not  only  with  chlorine  but  with  hydrogen  and  with  ethyl,  and  when  the 
action  takes  place  upon  three  atoms,  the  result  is  &youiBble  to  M.  Ger- 
hardt's  law.  But  in  this  case,  as  in  the  cases  of  carbon  and  sulphur,  the 
law  depends  for  support  upon  a  peculiar  property  of  an  individual  sub- 
stance. There  is  no  evidence  that  aU  tribasic  acid  radicals  have  this 
power  of  condensation :  yet  the  law  is  founded  upon  the  assumption  of 
its  universal  applicability. 

No.  1 5.  Chloride  of  Cyanyl  =  OlCyl.  The  compound  in  question  is 
the  solid  chloride  of  cyanogen,  the  nature  of  which  has  been  discussed 
at  page  loi.  Two  volumes  of  it  certainly  contain  three  atoms  of  Cyl 
because  two  volumes  contain  three  atoms  of  the  complete  salt.  If  we 
admit  that  the  compound  Cy ICl,  measuring  4  volume,  is  a  complete  salt, 
the  radical  Cyl  is  monobasic.  The  question,  whether  any  advantage  is 
gained  by  tripling  the  atom,  and  considering  it  poly  basic,  will  be  oon* 
sidered  when  I  come  to  investigate  the  properties  of  the  so-called  poly- 
basic  acids.  The  point  for  consideration  here  is  the  influence  of  polybasic 
acid  radicals  upon  the  measure  of  their  gaseous  salts.  According  to 
M.  Gerhardt,  a  bibasic  acid  radical  in  all  cases  condenses  two  basic 
radicals,  and  a  tribasic  acid  radical  in  all  cases  condenses  three  basic  radi- 
cals into  a  gaseous  salt,  having  an  atomic  measure  of  two  volumes.  On 
the  other  hand,  my  view  of  this  matter  is,  that  all  the  radicals  which 
produce  gases  have  individually  certain  unalterable  properties,  such  as^- 
their  measure  in  an  isolated  state — ^their  measure  when  combined  in  salts 
— ^the  power  possessed  by  certain  radicals  of  condensing  to  one-half  the 
volume  of  all  radicals  with  which  they  combine.  These  properties  they 
possess  as  against  all  other  radicals ;  and  as  the  properties  are  constant, 
we  can  foresee  what  will  occur  in  the  various  combinations  of  these 
radicals  one  with  another.  Tins  is  the  view  which  I  have  attempted  to 
express  in  the  Table  given  at  page  108.  The  examples  of  salts  npon 
which  M«  Gerhardt  has  founded  his  laws  are  all  such  as  can  be  easily 
interpreted  by  these  principles,  and  when  interpreted,  they  prove,  as  I 
think,  that  M.  Gerhardt's  laws  have  not  that  accuracy,  precision,  and 
general  applicability  which  he  attributed  to  them.  Founded  on  spe- 
cialties, they  apply  to  similar  specialties  and  to  nothing  more. 

A  question  which  has  been  largely  debated  is,  whether  the  atomic 
measures  of  all  gases,  simple  and  compound,  ought  to  be  fixed  at  T>vo 
volumes— oXy  as  some  have  it,  at  foub  vdumes.  Upon  this  question  I 
will  not  waste  a  word.  No  man  whose  judgment  is  unprejudiced  can 
examine  the  facts  that  are  detailed  in  this  section,  and  in  the  Table  given 
at  pages  5^0-63,  without  coming  to  the  conclusion,  that  the  adoption  of 
one  uniform  ntomic  measure  for  gases  and  vapours  of  eveiy  description 
is  absurd. 
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Applications  of  the  Eadical  Theory. 

The  object  of  this  Essay  is  to  show  the  reasonableness  of  tlie  Radical 
Theoiy,  and  the  advantages  which  it  possesses  over  every  other  theory, 
ID  the  deamess  of  the  explanations  which  it  affords  of  the  proximate 
eoDStitattoD  <^  chemical  oompoonds.  I  have  dwelt  at  considerable  length 
npoQ  the  compounds  that  produce  gases  and  vapours,  because  we  have 
in  the  examination  of  these  compounds  the  double  advantage  of  being 
aUe  to  measwn  and  to  weigh  both  the  components  and  the  compounds. 
T%e  examination  has  afforded  evidence  more  decisively  favourable  to  the 
Badical  Theory  than  any  that  has  ever  before  been  submitted  to  the 
OODsideration  of  chemists.  I  hope  that  the  effect  will  be  to  induce  them 
to  adopt  it,  and  to  throw  aside  many  of  the  limited  and  limiting 
hypotheses  by  which  the  science  is  now  hampered..  The  theory  of 
Lavoisier,  that  salts  are  composed  of  acids  and  bases;  Berzelius's 
doctrines  respecting  the  salts  of  the  sesquioxides  and  the  relations 
nqjposed  to  exist  between  the  oxygen  of  bases  and  the  oxygen  of  acids ; 
the  theory  of  nuclei,  as  developed  by  Laurent  and  Gmelin ;  Gerhardt's 
notion  that  *'  free  elements "  are  binary  compounds ;  and  the  proposal 
to  make  all  salts  agree  with  the  model  of  water — are  among  the  h3rpo- 
theses  that  may  be  advantageously  discarded  as  unsuited  to  the  present 
condition  of  chemical  science.  The  explanations  of  particular  facts,  and 
tilie  generalisations  which  they  provide,  are,  as  I  think,  in  all  cases  inferior 
to  those  that  are  afforded  by  the  Radical  Theory ;  while  the  foimulse  and 
oomenclatare  to  which  they  lead  are  so  intricate  and  puzzling,  that  only 
8  few  professional  chemists  pretend  to  be  able  to  understand  them. 
This  evil  is  so  great,  that  an  annual  complaint  is  made  at  the  meetings 
of  the  British  Association,  that  organic  chemists  employ  an  unknown 
toDgne,  and  render  their  science  unintelligible  and  inaccessible  to  men 
of  science  of  other  denominations. 

If  the  princqoies  of  the  Radical  Theory  were  adopted,  there  would 
ranain  for  performance  the  duty  of  carrying  the  theory  into  practical 
operation — that  is  to  say,  of  showing  in  detail  its  effects,  firstly,  upon 
&  Classification  and  Nomenclature  of  chemical  compounds;  and, 
noondly,  upon  the  views  that  ought  to  be  taken  of  the  proximate  con- 
fltitation  of  different  varieties  of  compound  salts  ;  for  it  is  upon  these 
points  that  the  existing  theories  and  the  Radical  Theory  most  strikingly 
divaricate.  That  duty  cannot  be  performed  in  a  work  of  the  limited  extent 
of  this  Esaay,  My  task  is  that  of  advocating  a  principle.  I  adduce 
8Qch  &cts  as  serve  to  prove  the  truth  of  the  statements  that  I  advance, 
bat  I  avoid  details  that  would  require  a  series  of  volumes  for  their 
oomplete  exposition.  Nevertheless,  &s  it  is  necessary  for  the  proper 
oomprehension  of  the  doctrines  that  I  am  advocating  to  show  what 
cflbct  the  adoption  of  the  Radical  Theory  would  have  upon  the  com- 
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monlj-reoeived  formuls  and  names  of  several  important  classes  of 
chemical  compounds,  I  shall  make  a  selection  of  such  compomids,  and 
apply  to  them  the  Formuke,  the  Names,  and  the  Explanations,  which 
would  come  into  effect  on  the  adoption  of  the  Radical  Theoiy,  as  that 
theory  is  set  forth  in  the  preceding  pages.  Let  it,  however,  be  borne 
in  mind,  that  the  Nomenclature  which  I  have  suggested,  though  it  is 
framed  upon  the  Radical  Theory,  forms  no  essential  part  of  that  theory  ; 
so  that  the  Theory  and  the  Nomendatore  must  be  judged  of  independ- 
ently of  each  other. 

Among  the  examples  which  I  propose  to  describe,  I  shall  select  some 
that  will  give  me  an  opportunity  of  discussing  several  questions  that  have 
not  hitherto  come  before  us ;  such,  for  instance,  as  relate  to  the  doctrineB 
of  polybasic  and  conjugated  acids;  of  amids,  ammonias,  ammoniums^ 
and  other  organic  bases ;  of  vice-radicals,  anhydrides,  and  double  salts. 
These  examples  will  enable  us  to  grapple  with,  and  dispose  of,  some  of 
the  most  startling  difficulties  in  theoretical  chemistry. 

Anhydrides^  or  Anhydrous  Acids. 

As  the  distinction  of  the  proximate  elements  of  salts  into  Acids  and 
Bases  is  not  recognised  by  the  Radical  Theory,  it  is  necessaiy  to  show 
what  view  is  to  be  taken  of  the  compounds  that  are  commonly  called 
Anhydrous  Adds  ;  that  is  to  say,  the  oxidised  negative  radicals,  which 
can  be  procured  in  a  separate  state,  or  uncombined  with  water  or  me- 
tallic bases. 

The  following  diagram  exhibits  examples  of  anhydrous  acids, 
trasted  with  hydrated  acids : — 


I.     HO,  SO 
.    fHO,SO 

^-  iHaso 

^  fHO,POO 
3- 1  H0,POO 


^  tHO,CH»o 

^    fHO,CH*0 

''  I  HO,C"H»o 


[The  atomic  weights  of  the  elements  in  the  Table  are,  0=i6,  Hsi, 
S  =  i6,  C=ia,  P=3i.] 

The  compound  represented  by  No.  1  is  one  atom  of  oil  of  vitriol,  or 
hydrated  sulphuric  acid,  the  proposed  systematic  name  for  which,  in 
accordance  with  the  Radical  Theory,  and  firamed  on  the  formula  HySC, 
is  Htdra  sulphete. 

No.  2  represents  two  atoms  of  hydrated  sulphuric  add.  If  we  con- 
sider these  two  atoms  to  be  decomposed,  by  proper  chemical  means, 
into  the  two  compounds  distinguished  by  the  different  character  of  the 
types  in  the  diagram,  we  have,  as  products,  one  atom  of  water  ssH,HO, 
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and  one  atom  of  anhydrous  solphnric  acid  =  0,S0,  or  SO  +  SOO  or 

SO 
SySO^.  I  regard  this  anhydrous  compound,  not  as  an  acid,  for  it  has  no 
add  reactions,  but  as  a  salt,  consisting  of  tvx>  radicals ;  the  basic  radical 
being  aae  atom  of  sulphur  combined  with  one  atom  of  oxygen ;  the  acid 
ndiod  being  one  atom  of  sulphur  combined  with  two  atoms  of  oxygen. 
This  apportionment  of  the  oxygen  is,  however,  only  conjectural.  It 
18  quite  as  possible  that  all  the  oxygen  may  be  combined  with  one  of  the 
atoms  of  sulphur,  and  that  the  true  formula  of  the  compound  may  be 
8,80*.    I  name  this  salt  Sulpha  sulphite. 

It  may  be  objected  to  this  proposal,  that  chemists  have  always  repre- 
sented sulphur  as  an  acid  radical,  and  that  there  is  no  precedent  for  con- 
sidering it  a  basic  radical.  But,  on  the  other  hand,  it  may  be  remarked, 
that  chemists  have  never  hesitated  to  account  for  certain  intermediate 
metallic  oxides  by  admitting  them  to  l>e  salts,  consisting  of  a  protoxide 
acting  as  a  base,  and  a  sesquioxide  or  a  peroxide  of  the  same  metal  act- 
ing as  an  acid,  combined  together.  Why  should  the  argument  run 
in  two  opposite  ways  ?  If  a  metal,  brought  into  different  states  of 
oxidation,  can  form  both  positive  and  negative  radicals,  and  these  can 
oombine  to  produce  a  salt,  why  may  not  a  metalloid,  placed  in  similar 
circamstances,  act  in  a  similar  manner?  Moreover,  we  have  to  take 
into  consideration  the  &ct,  that  this  salt  S,SO*  has,  equally  with  the 
salt  HSO",  the  power  of  combining  with  neutral  salts  to  form  multiple 
aalts.  This  fact  is  proved  by  the  following  well-known  compounds,  and 
is  corroborated  by  the  existence  of  similar  double  salts,  formed  by  anhy- 
drous chromic  acid  with  metallic  chromates,  and  even  by  anhydrous 
acetic  add  with  anhydrous  acetate  of  potash. 


Sulphate. 

KSO» 


Bisalphate. 

KSO« 
HSO» 


Hydrated 
SesqnJsulphate. 

KSO« 
KSO" 
HSO" 


Anhydrous 
Bisalphate. 

KSO« 
KSO» 
SSO» 


I  shall  show,  in  a  subsequent  section,  that  there  is  another  acid  of 
solphur,  which  differs  from  hydrated  sulphuric  acid  only  in  having  one 
atom  less  of  oxygen,  so  that  it  requires  the  formula  H,SO ;  and  that 
this  add  has»  like  sulphuric  acid,  the  propert)'  of  forming  an  anhydride : 


H  SO  }  P^^^°g  H'^^  ^^  ^»S^- 


This  anhydrous  compound  must  also  be  considered  as  a  salt  of  sulphur ; 
the  oDoxidised  atom  S  being  the  positive  radical,  and  the  oxidised  atom 
80  being  the  negative  radical  of  the  salt 
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Comparison  of  the  two  series  of  Acids. 


H,SO   =   Hydra  sulphate. 
S,  SO   =   Sulpha  sulphate. 


H,SO»   =   Hydra  sdphete. 
S,SO»  =   Sulpha  sulphite. 


Diagram  No.  3  exhibits  the  relation  of  hydrated  phosphoric  acid  to 
anhydrous  phosphoric  acid.  What  I  have  said  of  sulphuric  acid  applies 
with  equal  force  to  phosphoric  acid.  The  anhydrous  compound  POO 
+  POOO  or  P,PO  *  is  a  salt  in  which  phosphorus  acts  both  as  a 
basic  radical  and  an  acid  radical,  the  two  radicals  being  probably  in 
different  states  of  oxidation.  This  compound  ought  not  to  be  called  an 
acid.  Its  name,  on  the  proposed  system,  and  agreeing  with  the  formula 
last  quoted,  P,PO*,  will  be  Phospha  phosphute. 

The  other  anhydrous  inorganic  oxygen  acids  may  be  treated  precisely 
in  the  same  way.     Anhydrous  nitric  acid  is  formed  from  two  atoms  of 
the  hydrated  add;    H,NO»  +  H,NO*  producing  H,HO  +N,NO*  = 
NiTRA  NITRUTE ;   and  Chromic  acid,  only  known,  and  easily  procured, 
in   the   anhydrous  state,    in   beautiful   red    crystals,    is    CrjCrO"  — 

CHROMOUS  CHKOMITE. 

In  all  these  examples,  as  in  all  salts,  the  quantity  of  oxygen  is  expressed 
by  the  terminal  of  the  name  of  the  native  radical. 

No.  4  in  the  diagram  represents  the  hydrated  and  the  anhydrous 
acetic  acid.  Notwithstanding  that  this  substance  contains  a  compound 
organic  radical,  I  propose  to  deal  with  it  precisely  in  the  same  manner 
as  with  Uie  salts  that  contain  simple  inorganic  radicals ;  for  I  consider  it 
to  be  in  the  highest  degree  inexpedient  to  subject  organic  and  inorganic 
radicals  to  different  laws ;  and,  by  so  doing,  to  make  a  chasm  between 
organic  and  inorganic  Chemistry,  and  separate  two  branches  of  know- 
ledge, which  ought  to  be  one  and  indivisible. 

The  anhydrous  acetic  acid  is  to  be  considered  as  a  salt  having 
protoxide  of  acetyl  =  CBPO  for  its  base,  and  bmoxide  of  acetyl  = 
C"H'0'  for  its  acid.  Its  formula,  on  that  view  of  its  constitution,  will 
be  C*irO,C?H»0*,  or  C»H',C«IPO»,  and  the  systematic  name  for  the 
latter  will  be  Acetyla  acetylite. 

All  the  anhydrides  of  organic  adds,  of  which  a  considerable  number 
have  recently  been  discovered,  may  be  treated  in  the  same  way. 

M.  Gerhardt  has  given  to  anhydrous  acetic  add  the  name  of  Acetic 
acetate,  and  as  he  has  adopted  the  same  system  of  nomenclature  for  the 
anhydrides  of  organic  acids  generally — ^applying,  for  example,  such  terms 
as  Benzoic  benzoate,  and  Cuminic  cuminate,  to  compounds  that  consist 
of  two  radicals  with  three  atoms  of  oxygen — I  take  leave  to  point  out 
the  unfitness  of  such  names.  The  acetates,  benzoates,  and  cuminates, 
contain  respectively  only  two  atoms  of  oxygen.  The  names  proper  to  such 
salts  ought  not  to  be  given  to  compounds  which,  containing  Aree  atoms 
of  oxygen,  evidently  belong  to  a  different  series  from  that  to  which  the 
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acetates,  benzoates,  and  caminates  belong.  When  the  characters  of  a 
dass  of  salts  have  been  distinctly  defined,  the  name  of  that  class  ought 
QDdcHibtedlj  to  be  confined  to  compounds  that  agree  with  the  definition. 
The  present  proposal,  to  consider  the  anhydrides  as  salts,  in  which  the 
same  negative  radicals,  in  different  states  of  oxidation,  are  assumed  to 
act  as  positive  and  negative  towards  one  another,  being  appUcable  to  all 
anhydrides,  whether  their  radicals  be  simple  or  compound,  presents,  at 
lost,  the  good  quaUties  of  simplicity,  uniformity,  and  precision,  both  in 
fennols  and  nomenclature. 

No.  5  in  the  diagram    a   <  vr|V*^TT"Or  ^^^i^^^^  ^^  formation  of 

a  compound  procured  lately  by  M.  Gerhardt.  This  is  a  double  anhy- 
dride of  a  kind  that  appears  to  be  as  plentiful  as  the  anhydrides  of 
the  individual  organic  acids.  The  radicals  represented  in  No.  5  are 
baizyl  =  CTEP  and  cumyl  =  C"H".  These  are  combined,  with  three 
atoms  of  oxygen,  into  a  compound  of  the  same  structure  as  anhydrous 
acetic  add.  The  origin  of  the  compound  is  to  be  explained  exactly 
in  the  same  manner  as  that  of  the  simple  anhydrides;  namely,  two 
atoms  of  hydrated  add  produce  one  atom  of  water  and  one  atom  of  the 
anhydride : — 

Benzoicacid    =H,C7IP0»)        J(7IP0»\    ,    jH 
Cumenic  add  =  H,C"H"0»  {  "^  \  C"H"0  J  "*"  t  HO 

M.  Gerhardt  calls  this  anhydride  by  the  following  names :  *'  Anhydrous 
Bbnzo-cuminic  acid,"  *'  Cuminate  of  Benzoile,"  and  "  Benzoate  of  Cumyl." 
For  want  of  a  System  of  Nomenclature  which  would  indicate  to  him  a 
tagJe  satisfactory  namsy  he  begins  with  a  profusion  of  synonymes.  This 
is  an  example  of  the  manner  in  which  our  books  on  Organic  Chemistry 
become  incumbered  with  useless  or  mischief-making  names. 

The  terms  "  cuminate  of  benzoile "  and  •*  benzoate  of  cumyl "  are 
both  improper,  for  the  reasons  urged  iu  reference  to  the  names  of  the 
simple  anhydrous  acids ;  namely,  because  cuminates  and  benzoates  are 
salts  that  contain  each  only  two  atoms  of  oxygen,  and  it  is  contrary  to 
diemical  logic  to  apply  the  same  names  to  salts  that  contain  three  atoms 
ofoo^gen. 

The  term  "  anhydrous  benzo-cuminic  add "  is  improper  for  another 
iBason,  namely,  because  it  is  not  an  add,  and  does  not  give  rise  to  a 
series  of  salts  in  which  **  benzo-cumyl "  forms  the  add  radical.  On  the 
ODntiaiy,  when  the  anhydride  is  placed  in  the  presence  of  basic  radicals, 
the  benzyl  and  cumyl  &11  apart,  and  produce  benzoates  and  cuminates. 
In  bict,  this  anhydride  differs  in  no  respect  from  the  compound  ethers 
and  acetones  that  are  described  in  group  5,  page  66 y  excepting  that  its 
ndicals  are  in  a  higher  state  of  oxidation.  1  propose,  therefore,  to  con- 
ader  it  as  a  salt,  in  which  the  radical  with  the  greater  proportion  of 
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hydrogen  shall,  on  the  principle  explained  at  page  73*  be  taken  to  be  the 
basic  radical,  and  the  one  with  the  lesser  proportion  of  hydrogen  shall 
be  taken  to  be  the  acid  radical.  The  analytical  formula  of  the  salt  will 
then  be  C«*H"0,(7H»0* ;  its  synoptical  formula  wiU  be  C»«H»,(7HW.; 
and  its  systematic  name  will  be  CaiCTLA  benztlite. 

All  the  anhydrides  that  contain  two  organic  radicals,  combined  with 
three  atcHns  of  oxygen,  may  be  formulated  and  named  in  accordance  with 
this  example.  The  following  compounds  of  this  class  have  been  recently 
discovered  by  MM.  Gerhardt  and  Chiozza.^ 

(?H7,  (7H*0»  =  Pelargyla    Benzylite. 

(7H",  C«»H"0»  =  Oilnanthyla  Cumylite. 

C»H»,   (7H»0»  =  Valeryla      Benzylite. 

C"IP,   C'H"©"  =  Acetyla       Cumylite. 

C"H»,  (?WCf  =  Acetyla       Cinnamylite. 

CH",  (7H»0»  =  Acetyla       Benzylite. 

C»«H",  (7  EP  0«  =  Cumyla       Benzylite. 

€•  H',  (7  H»  ()•  =  Cinnamyla  Benzylite. 

Degrees  of  Oxidation  of  Badicals. 

The  compound  radicals  appear  to  have  the  same  d^rees  of  oxidation 
as  the  elementary  radicals.     If  R  is  the  radical,  we  have  the  series : — 

1.  R,RO 

2.  RO 

3.  RO,ROO  =  R,RO« 

4.  ROO 

No.  I  is  what  we  now  term  a  protoxide,  namely,  the  oxide  formed  on 
the  model  of  water. 

No.  2  is  the  oxide  that  exists  in  the  salts  that  have  the  formula 
MRO*  or  MO  +  RO,  but  which  is  rarely  obtained  in  a  separate  state. 
Professor  Williamson  has  given  to  an  oxide  of  this  description,  a  name 
which  entirely  differs  from  that  of  its  characteristic  radical.  He  desig- 
nates the  protoxide  of  acetyl  =  (?IPO  by  the  term  Othyl.  If  thia 
precedent  is  followed,  we  must  have  a  pair  of  names  for  every  radical ; 
one  name  for  the  radical  alone,  and  ano&er,  entirely  different,  for  one  of 
its  oxides.  The  evil  may  not  stop  there.  If  RO  is  to  have  a  name 
essentially  different  from  that  of  R,  why  may  not  RRO,  ROO,  R,RO*^ 
and  all  other  oxides  of  the  radical,  also  be  distinguished  by  widely-di£> 
ferent  names?  Surely  it  is  better  to  adopt  a  system  of  names,  which 
shall  not  lose  sight  of  each  radical  by  the  time  we  reach  its  first  oxide. 

'  Quarterly  Journal  of  the  Chemical  Society.  V.  127,  226.  VL 
182,  184. 
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Acccnliag  to  the  nomendatare  which  I  have  propaeed,  CII*0  will  be 
nuned  AcErYU-TE,  which,  without  special  definitioa,  signifies  one  atom 
of  acetyl  and  one  atom  of  oiygen.  Snch  words  as  othyl  must  reqoire 
definition  indiTidually ;  for  othyT  indicates  neither  acetyl  nor  oxygen. 

It  may  be  replied  to  this  objection,  that  the  reason  why  two  diSerent 
namea  are  given  to  the  compounds  in  question  is,  that  acetyl  =  C5H*  and 
otbyl  =  C?IPO  are  two  different  raditala.  That  reply  rests,  however, 
not  on  ft  matter  of  &ct,  bat  on  a  matter  of  opinion.  According  to  tLhe 
ndical  theoiy,  as  I  understand  it,  othyt  is  not  a  radical,  but  the  oxide 
of  a  radical,  and  it  has  no  right  to  any  other  name  than  that  which  de- 
dares  it  to  be  the  oxide  of  a  mdical. 

The  orides,  No.  3,  =  EO,  ROO,  or  R,RO*,  are  the  anhydrides  of 

Inch  I  have  just  treated. 

No.  4,  =  BOO.    This  oxide  probably  occurs  in  the  salts  that  amtmn 

'andC, 

Thus :    MO.ROO     =  M,EO' 
MOO,ROO  -  M,EO^ 


Intermediate  Metallic  Oxides. 

In  tefo^nce  to  the  classification  of  oxides,  I  may  Bay  a  few  words 
specting  those  metallic  oxides  which  occur  between  the  protoxides  and 
e  Ksqiiioxides,  and  which  commonly  receiTe  the  formula  M*0'  and 
[0-^  MK)";  the  latter  representing  the  compounds  as  salts  in  which 
fibent  oxides  of  the  same  metal  act  as  base  and  acid  to  one  another. 
he  fiillowing  formnlffi  lepnsent  examples  of  such  oxides : — 

FeO  +  Fe^O"  =  Fe"  O*  Magnetic  oxide  of  uxm. 
Sf  dO  +  Mn*0*  =  Mn*0*  Red  oxide  of  mangaueee. 
Cr0  +  Cr'0»=Cr»0*  Chromoso-chromic  oxide. 

BL  I«nrent  accounts  for  salts  of  this  description,  by  adopting  a  third 
maknt  of  the  metals  which  they  contain.  But  this  proposal  is  inad- 
issible,  because  the  fourth  jart  of  the  metal  contained  in  such  com- 
nmds  is  not  the  equivalent  of  a  single  volume  of  hydrogen,  nor  does 
nuke  a  series  of  salts,  corresponding  to  those  which  are  made  by  the 
i^knu  and  basylic  eqnivalents  of  the  respective  metals.  I  consider  these 
ides  to  be  compoonds  of  the  basylous  and  basylic  oxides,  according 
the  Mowii^  general  formula : — 
McMcO  +  McMO  =  Mc^O*.    Thus,— 

Magnetic  oxide  of  iron  =  FecFecO.FecFeO  =  FecTeO" 
Red  oxide  of  manganese  =  MncMncO,MncMnO  =  Mnc'MnO* 
ChKMnoeo^hromic  oxide  =  CrcCrcO.CrcCrO  =  CrcMlrO" 


^ 
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Corresponding  nomenclature : 

Fec'FeO"     =  Ferrinic  ferrete. 
Mnc'MnO'  =  Manginic  manganete. 
Crc'CrO"      =  Chrominic  chromete. 

Aldides,  or  Aldehydes  in  general 

Gmelin  describes '  the  aldides  as  follows : — *'  When  Liebig,  bj  with- 
drawing two  atoms  of  hydrogen  from  alcohol,  converted  it  into  the  com- 
pound OH^O",  he  called  that  compound  aldehydey  from  otohol  and 
dehydrogensited.  More  recently  a  considerable  number  of  other  com- 
pounds have  been  discovered,  possessing  a  certain  analogy  with  Liebig^s 
aldehyde,  and  to  these  the  same  name  has  been  extended.  To  av(Hd 
this  confusion,  I  propose  to  denote  all  these  compounds  by  the  generic 
term  Aldxde,  reserving  the  original  title  of  aldehyde  for  the  aldide  of  the 
ethyl  series." 

He  then  goes  into  a  description,  classification,  and  enumeration  of  the 
aldides :  see  the  work  referred  to.  It  will  suffice  for  my  purpose  to 
extract  a  few  examples  from  his  list.  Let  me  premise,  that  the  fiindap 
mental  experiment,  referred  to  above,  of  the  production  of  aldehyde 
firom  alcohol  is,  on  the  radical  theory,  to  be  explained  as  follows : — 

H.CHK)  -  IP  =  H,C«EPO. 

Namely,  the  radical  ethyl  is  reduced  to  the  radical  acetyl  by  the  abstzBc- 
tion  of  two  atoms  of  hydrogen.  See  the  explanation  of  this  theory  at 
page  74.  Both  alcohol  and  aldehyde  are  salts  of  the  same  structore : 
they  belong  to  the  hydrated  oxides,  of  which  examples  are  given  in 
group  3,  page  65.  Many  of  Gmelin^s  aldides  are  precisely  of  this  cha- 
racter. I  have  treated,  at  page  78,  of  the  production  of  aldides  of  this 
class.  Several  of  Gmelin's  aldides  belong  to  the  anhydrides  described 
in  the  last  section ;  others  belong  to  the  oxychlorides,  of  which  examples 
are  given  in  group  10,  page  68  ;  and  others  are  of  the  class  of  amids,  of 
which  I  shall  treat  in  a  subsequent  section.  In  short,  the  aldides,  as 
grouped  by  Gmelin,  are  compounds  belonging  to  many  di£&rent  series 
of  salts,  transformed  into  the  so-called  aldides  by  the  abstraction,  not 
only  of  hydrogen,  but  of  carbon  or  oxygen,  or  sometimes  of  all  three ; 
and  having  scarcely  any  common  relation : — 
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THK  CHBOHATGS. 
GiMllD't  HMne*.        Pnpoaed  Fnmiulc. 


Aldehyde  ,  . 
Acroldn  .  . 
BnQric  aldide 

Valeric  aldide . 


.  HCTTO 
.  H.CTi'O 

.  H,ciro 

.  H,C*H'0 
.  H.CH'O 
Oil  of  bitter  almonda  HCTPO 
ffiuanthol  ....  H.CTTK) 
Chloral H,CTC1'  O 

i.  Ankjjdrtius  Addg. 
lactic  acid  ...    .  (^IP.CTPO 
Maleic  Acid     .    .    .  CH  ,CH  0 

c.  Oxt/chlorides. 
aioraldehyde  .    .    .  (?C!',aO 
Chlorobenzoyl  .     .     .  CTff.CIO 

d  CyanaUs. 
G^c  acid .     .     .     .  H.CyO     . 
Urea NH'.CyO 

Oiamide      ....  NIP.CO  . 


At  page  8 1  I  hsve  defined  aldide  in  tenns  iatended  to  I 
iig  and  restrict  its  use. 


Propond 

.  Hydra  acetyl) 
.  Hydra  acrylai 
.  Hydra  butyrj 
.  Hydra  valeryl 
.  Hydra  pheny 
.  Hydra  benzyl: 
.  Hydra  (Eoanf 
.  Hydra  Chlori 

.  Lflctyla  lacty 
.  Maleyla  malt 

Chloiinic-acei 
Ben^la  chloi 


The  Chromates. 

I  iDtrodnce  tbe  chromates  in  this  place,  because  they  ( 
•taikiiig  examples  of  the  cotabination  of  anhydrides  with  neu 
The  BDhydioaa  crystallixed  chromic  add  is  composed  of— 
Chromitim     .     .     54   =   Cr* 
Oiygen     .     .     .     48    =   O* 
It  canseqnentlr  belongs  to  the  class  of  Anhydrides,  and 
fannola  Cr.CrO*,  and  the  name  Chromous  chromite.     The  s 
of  this  add  is  unknown,  althongh  the  anhydrous  add  read 
in  Water,  and  the  solution  may  be  supposed  to  contain  HC 
■Uy  to  the  equation, 

H,HO  4-  Cr.CtO*  =  HCiC  +  HCrO" 


r*' 
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The  acid  in  this  aqueous  solution  combines  with  peroadde  of  hydrogen 
s  HO.  The  compound  has  a  deep  indigo-blue  colour,  but  it  is  unstable, 
and  cannot  be  separated  from  the  water  of  solution.     Its  composition  is 
probably 

HO,CrO  +  HO  =  H,H;  CrO'. 

There  are  three  combinations  of  chromic  acid  with  potash,  which  have 
the  following  composition : 

Ckromate  of  Potash, — ^Usual  formula,  KO,CrO*.  Doubling  iihe  aimnic 
weight  of  the  oxygen  we  have  KCrO". 

Bichromate  of  Potash. — ^Usual  formula  KO,CrO*,CiO^  Doubling  the 
atomic  weight  of  the  oxygen  we  have  iK,2Cr,3iO.  Doubling  the 
formula,  to  get  rid  of  fractions,  we  have  KKVO'. 

Terchromate  of  Potash, — Usual  formula,  K0,3CrO^.  Doubling  the 
atomic  weight  of  the  oxygen,  this  gives  us  KCr"0*, 

If  we  regard  the  cbroraate  as  the  normal  salt  =  ECrO*,  the  terchro- 
mate is  a  compound  of  normal  chromate  and  chromic  add,  atom  to 
atom,  and  the  bichromate  is  a  compound  of  the  normal  chromate  with 
the  terchromate. 

Chromate        =  KCrO»  =  KCrO" 

Bichromate     =  KCrO*  +  (KCrO*  +  CrCrOO  =  KHy(y 
Terchromate  =  KCrO»  +  CrCrO*  =  K  Ci^ 

This  series  is  similar  to  that  of  the  three  kinds  of  phosphates,  excepting 
that,  in  the  present  case,  it  is  the  add  radical  which  is  variable,  while  in 
the  phosphates  it  is  the  basic  radical  that  is  variable. 
The  systematic  names  of  these  salts  are  as  follow : — 

Chromate  of  potash    ,    •    K  Cr  0*  s  Potassa  chromete. 
Terchromate  of  potash     •    K  Cr*0*  ss  Potassa  chrominute. 
Bichromate  of  potash  •    .    K*CrHy  =  Potassen  chromoneze. 

There  is  a  salt  formed  by  means  of  chromic  acid  and  chloride  of 
potassium  which  has  given  theoretical  chemists  a  great  deal  of  trouble. 
Here  are  two  of  its  formulee  and  names  :— 

KCl.  aCrO*  =  Bichromateof  chloride  of  potassium. 
KO.  (Cr  I  ^J  CrO*  =  Chrombioxychlorid-chromate  of  potash. 

This  salt  is  probably  a  compound  of  neutral  chromate  of  potash  s 
KCrO",  with  the  oxychloride  of  chromium  «=  ClCiO,  so  that  its  formula 
may  be  KCrO«  +  aCrO  or  K,a;  Cr«0».  The  systematic  name,  accord- 
ing to  this  last  formula,  is  Potassa  chlora  chromenite. 
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There  is  a  corresponding  aalt  containing  solphnr  instead  of  chromium 
*-4he  sdphnr  biozychloridHSulphate  of  potash, 

-  KO.  (S  \  2!.S(y. 


L(s{g. 


3 

3 
I 


This  salt  is  probably  a  componnd  of  nentral  sulphate  of  potash  =  KSO*  ; 

with  the  oxjchloride  of  sulphur  =  CISO,  producing  the  componnd  ^ 
KSO"  +  CISO  or  K,a;  SK)»,  the  name  for  which  is  Potassa  chlora 

snlphenite.  \ 

The  chromates  combine  with  one  another  to  produce  compound  salts :  i 

Double:     KCrO»     +  CaCrO*    =  K,Ca;     (CrO^*.  ^ 

Tr^:      aKCrO*  +  NaCiO»   =  K«Na;    (CiCV. 
Se^rtuple :  AmCrO*  +  5HCiO»  =  Am,H* ;  (Cr(/)*. 

Is  the  chromic  acid  monobasic,  bibasic,  tribasic,  or  sexbesic? 

Distinction  between  Analytical  Pormnlae  and 

Synoptical  Formulae. 

In  the  preceding  pages  I  have  frequently  shown,  that  the  radical 
theocy  permits  of  the  representation  of  salts  by  two  kinds  of  fbrmulse ; 
as  a  ample  example  of  which  I  may  quote  the  fonnulsB  employed  to 
represent  the  sulphates,  viz. : — 

MO,SO    and    MSO». 

The  f(vmula  MSO"  is  that  which  expresses  all  that  we  certamly  know  of 
the  constitution  of  the  sulphates,  and  the  arrangement  of  the  symbols  is 
ooDTentional.  We  agree  (that  is  the  strongest  ground  that  we  can  put 
it  Txpon — ^we  agree)  to  put  first  the  electro-positiYe  or  basic  radical,  and, 
tfiitr  t^,  the  electro-negative  or  acid  radical ;  and,  at  the  endy  we  put  the 
OKjrgea,  because  we  do  not  know  where  else  to  putiit.  This  formula 
gives  a  s3moptical  view  of  our  knowlec^  of  this  compound,  and  I  propose 
td  call  it  a  synoptical  formvki. 

In  the  other  formida,  MO,  SO,  we  show  what  we  conjecture  to  be  the 
pnsimate  constitution  of  the  sulphate.  In  our  mvnJtat  anoHysis  of  this 
salt,  we  figure  to  ourselves,  that  it  is  a  compound  of  oxidised  metal  and 
oddised  sulphur,  atom  to  atom.  But  mental  analysis  is  purely  theo* 
retical,  and  we  cannot  experimentally  establish  the  truth  of  this  formula. 
Nevertheless,  the  analytical  view  of  the  compound  assists  our  oompre- 
heosion  of  many  phenomena  that  occur  when  the  salt  is  decomposed  by 
reaction  with  other  salts ;  and,  in  many  theoretical  inquiries,  where  our 
jod^ent  must  be  entirely  guided  by  circumstantial  evidence,  the 
(BtalytiodformvjUB  of  salts  are  important. 

The  systematic  nomenclature  which  I  have  proposed  for  adoption  is 
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founded  upon  the  synoptical  fonnuke,  partly  because  these  are  less  sub- 
ject to  variation  than  the  analytical  formula,  and  partly  because  they 
yield  shorter  and  simpler  names.  It  is,  however,  always  possible, 
whenever  it  is  considered  desirable,  to  give  names  to  the  conjectured 
components  of  a  salt  as  set  forth  in  an  analytical  formula.  Thus,  we 
may  call  the  sulphate  of  barytes : 

Synoptical  fbrmulse  :  BaSO' .     .     Baryta  sulphete. 
Analytical  formulae :   BaO,SO    .     Bary tate  sulphate. 

The  power  of  writing  names  to  suit  either  formula  is  frequently  useful, 
particularly  in  the  discrimination  of  multiple  salts. 


Sir  Humphry  Davy  on  the  Composition  of  Sulphates 

and  Salts  in  G^eneral. 

Since  the  article  on  the  binary  theory  of  salts,  at  page  i8,  went  to 
press,  a  chemical  friend  has  directed  my  notice  to  another  note  of  SirH. 
Davy's,  respecting  the  question  there  discussed.  As  I  desire  to  do 
justice  to  that  great  chemist,  I  copy  the  article  in  full : — 

"  The  extensive  class  of  bodies  called  neutral  salts,**  says  Davy,*  "  are 
formed  by  the  mutual  action  of  acids  and  oxides,  alkalies  and  earths; 
and  in  general  those  oxidated  bodies  that  contain  least  oxygen  are  such 
as  most  readily  enter  into  combination  with  acids ;  thus  the  peroxides 
generally  are  either  insoluble  in  acids,  or  require  the  abstraction  of  a 
portion  of  oxygen  to  become  soluble ;  and,  in  general,  two  Inflammable 
bodies,  in  combining  with  oxygen,  unite  to  less  than  the  added  sums  of 
the  quantity  they  would  separately  combine  with  to  saturation.  Many 
of  the  neutral  salts  may  be  considered  either  as  combinations  of  per- 
oxides with  inflammable  bases  or  as  alkahes  united  to  adds,  or  as  per- 
oxides united  to  oxides;  for  instance,  the  compound  formed  from 
sulphurous  acid  gas  and  potassa  consists  of  potassium  and  sulphur,  with 
three  proportions  of  oxygen,  and  may  be  regarded  as  a  compound  of 
peroxide  of  potassium  and  sulphur.  Sulphate  of  potassa  contains  four 
proportions  of  oxygen,  and  might  be  regarded  as  a  compound  of  per- 
oxide of  potassium  and  oxide  of  sulphur.  They  are,  in  fact,  all  com- 
pounds of  oxygen  with  double  bases;  and  when  one  fixed  alkali,  or 
earth,  or  oxide,  separates  another,  it  may  be  supposed  that  the  basis 
only  is  changed :  thus,  where  hydrate  of  potassa  separates  lime  from  its 
nitric  solution,  it  may  be  conceived  that  the  potassium  only  takes  the 
place  of  calcium,  and  that  the  oxygen  and  water  of  the  hydrate  ^f 
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*  Elements  of  Chemical  Philosophy,  Collected  Works  (1840),  vol.  It. 
page  368.    First  published  in  1812. 
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polaasinm  unite  to  this  metal,  and  that  the  potassinm  unites  to  the 
ox^gei,  nitrous  acid  and  water  of  the  solution. 

*'  It  is  veiy  easy  to  estimate  the  composition  of  any  of  the  com- 
biDataons  of  alkalies,  earths,  or  oxides  with  acids,  by  adding  together 
the  numbers  representing  their  elements :  thus,  sulphate  of  soda  is 
compos«l  of  60  sulphur,  90  oxygen,  which  make  two  proportions  of 
sulphuric  acid  ;  and  88  of  sodium  and  30  of  oxygen,  which  make  one 
proportion  of  soda.  Carbonate  of  lead  is  composied  of  two  proportions 
of  carbonic  acid,  equal  to  82*8,  two  proportions  of  oxygen  30,  and  one 
of  lead  398.  Sulphate  of  lead  is  composed  of  two  proportions  of  sul- 
phuric acid  1 50,  two  of  oxygen  30,  and  one  of  lead  308  :  sulphate  of 
nickel  of  two  proportions  of  sulphuric  add  150,  and  one  of  oxide  of  nickel 
141 ;  and  these  proportions  agree  ahnost  precisely  with  the  best  analysis. 
'*  It  appears  liiat  in  the  neutrosaline  compounds,  in  which  there  is  a 
perfect  harmony  between  the  proportions  of  the  elements,  the  result  is 
neutralisation;  and  that  in  this  case  a  crystalline  compound  or  an 
insoluble  compound  is  usually  formed.  Thus,  in  the  instances  above 
mentioned,  in  the  sulphates  of  soda  and  lead,  the  sulphur  is  a  binary 
proportion,  and  the  oxygen  a  binary  proportion,  or  a  multiple  of  a 
binaiy  proportion ;  and  in  the  carbonate  of  lead  the  carbon  is  a  binary 
proportion,  and  the  oxygen  a  multiple  of  a  binary  proportion ;  and,  to 
give  another  instance,  in  the  sulphate  of  barytes  the  sidphur  is  a  single 
proportion,  and  the  oxygen  a  single  proportion,  or  a  multiple. 

"  When,  on  the  contrary,  there  is  a  want  of  harmony  in  the  pro- 
portions, the  excess  either  of  acid  or  basis  seems  to  be  shown  in  the 
properties  of  the  result,  and  it  is  seldom  a  crystallized  body.  Thus,  in 
Ae  soluble  red  sulphate  of  iron,  the  number  of  proportions  of  oxygen  in 
the  oxide  are  three,  and  those  of  the  sulphur  in  ihe  acid  ai*e  four,  and 
this  body  is  strongly  acid  and  uncrystallizable." 

This  note,  printed  in  1812,  does  not  essentially  differ  from  the  notes 
subsequently  published  in  181 5  and  181 6,  and  which  I  have  quoted  at 
page  21.  Davy  had,  previous  to  any  of  these  dates,  proved  that 
cbloride  of  sodium  contained  only  chlorine  and  sodium ;  that  no  oxygen 
was  present,  and  therefore  no  soda;  no  hydrogen,  and  therefore  no 
hjdrochloric  acid.  The  substance  that  was  par  exceUmce  a  salt,  was 
feund  to  contain  neither  acid  nor  base.  This  discovery  naturally  led  him 
to  form  generalisations  respecting  other  salts.  He  might  reasonably  ask 
these  questions :  Since  we  Imow  that  muriate  of  soda  contains  neither 
muriatic  add  nor  soda,  what  certainty  have  we  that  sulphate  of  soda 
contains  sulphuric  acid  and  soda  ?  May  not  this  salt,  and  all  salts,  be 
oojnpoeed  in  a  manner  analogous  to  muriate  of  soda  ?  These  were  very 
natural  su^estions,  and  the  evidence  before  us  proves  that  they  passed 
throogh  Davy's  mind,  and  that  he  was  the  first  to  point  out  the  fact, 
that  Lavoisie?s  theory  of  adds  and  bases  did  not  rest  on  a  logical  basis. 
But  it  does  not  appear  to  me  that  Davy  went  much  beyond  this  exprcs- 
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sion  of  his  conviction  that  the  existing  theory  of  the  salts  was  bacU  and 
that  it  was  desirable  to  have  a  bett^  theory.  He  opens  the  case  for 
discussion  very  clearly.  He  says,  "  Many  of  the  neutral  salts  may  be 
considered  either 


a.  Combinations  of  peroxides  with  inflammable  bases,  or  as 
5.  Alkalies  united  to  acids,  or  as 
c.  Peroxides  united  to  oxides." 

In  proposition  a,  he  allots  all  the  oxygen  to  the  basic  radical  =  MO  -f-  R, 
In  bj  tjie  usual  theory  is  accepted  =  MO  +  KO".  In  c,  the  oxygen  is 
supposed  to  be  equally  divided  between  the  positive  and  n^ative 
radicals,  MO  +  RO ;  and  this  last  proposition  is  illustrated  by  sup- 
posing the  sulphate  of  potash  to  be  composed  of  peroxide  of  potassium 
and  sulphurous  acid  =  KO*  +  SO*.  This  last  was  certainly  a  most 
valuable  suggestion.  There  is.  no  statement  in  these  propositions,  nor 
anywhere  in  the  note,  that  Davy  supposed  the  sulphates  to  be  so  con- 
stituted, that  all  the  oxygen  was  combined  with  the  sulphur ;  according 
to  the  formula  which  Dumas  assigned  to  him  =  K  +  SO*. 

But  after  opening  the  case  for  inquiry,  Davy  did  not  pursue  it  with 
much  precision.  He  states,  first,  that  sulphate  of  potash  contains  four 
proportions  of  oxygen ;  then,  that  the  sulphates  of  soda,  lead,  and  nickel 
contain  each  two  proportions  of  sulphur,  eight  proportions  of  oxygen, 
and  one  proportion  of  metal;  and,  finally,  that  in  the  sulphcube  of 
barytes  the  sulphur  is  a  single  proportion,  and  the  oxygen  a  single 
proportion,  or  a  multiple.  The  most  important  sentence  in  the  note 
is  diat  where  he  says,  that  '*  the  salts  are,  in  &ct,  all  compotmds  of 
oxygen  with  double  bases ;  and  when  one  fixed  alkali,  or  earth,  or  oxide, 
separates  another,  it  may  be  supposed  that  the  basis  only  is  changed: 
thus,  where  hydrate  of  potassa  separates  lime  from  its  nitric  solution,  it 
may  be  conceived  that  the  potassium  only  takes  the  place  of  calcium.** 
With  this  exception,  there  is  in  this  note  no  distinct  setting  forth  of 
any  new  and  peculiar  theory  of  the  salts ;  and  it  remains  to  be  shown 
whether  any  such  theory  was  published  by  Davy,  or  anybody  else, 
between  1816  and  the  date  of  Dr.  Clark's  Syllabus  of  1826. 

One  of  Davy's  instances  deserves  special  notice : — "  Sulphate  of 
potash  contains  four  proportions  of  oxygen,  and  might  be  r^arded  as  a 
compoimd  of  peroxide  of  potassium  and  oxide  of  sulphmr.**  The  theory 
contained  in  this  sentence,  instead  of  being  the  binary  theory^  =  K  + 
SO*,  which  Dumas  attributes  to  Davy  (see  page  1 9),  is  precisely  the 
theory  KO  +  SO,  which  he  attributes  to  Longchamp  (see  page  33), 
and  which  he  calls  "  the  hypothesis  of  Davy  turned  topsy-turvy ;"  so 
that,  actually,  the  praises  which  Dumas  bestowed  upon  Sir  H.  Davy 
belong  to  Dr,  Clark,  while  the  sneers  which  he  lavished  upon  M.  Long- 
champ  are  tlie  property  of  Sir  H.  Davy. 
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Vice-Eadicals. 

le  doctrine  of  chemical  tvpes  and  substitutions,  I 

drocarbon  radicaJs  produced  a  series  of  secoudary 

giug  part  or  the  whole  of  their  hydrogen,  atom  for 

bromine,  or  iodine;   and,  in  the  inquiry  respecting 

showed  that  the  secondary  radicals,  thai  produced, 

me  part  as  the  radicals  from  which  they  were  derived, 

the  basic  energy  of  the  positive  radicals  diminished 

,    ,  i  increase  in  the  ntunber  of  the  substituting  atcHus  of 

the  n^^ve  metalloid.    The  reader  wiU  consult  pages  9}  and  101  for  a 

detailed  illostration  of  these  general  prindples. 

The  compound  chlorine  radicals,  produced  in  the  manner  ^at  I  hare 
described,  and  having  the  proper^  of  acting  ncariotislj/,  or  as  substtttiUt, 
for  the  original  radif^s  from  which  they  are  derived — doing  the  duty  of 
those  radicals  more  or  less  imperfectly,  as  the  duties  of  principals  com- 
monly are  done  by  substitutes — form  but  one  division  of  a  series  of 
Vkarial  or  Vice-Radicals  that  are  found  among  the  compounds  of 
orginic  chemistry.  The  chlMine  radicals  were  first  referred  to,  because 
many  of  them  are  volatile,  and  it  was  necessary  that  we  should  under- 
sUod  their  constitution,  in  order  to  comprehend  certain  doctrines  re- 
specting the  measure  of  the  gases ;  but  I  shall  now  give  a  short  notice  of 
siich  radicals  taken  generally,  and  including  those  which  are  fixed,  as 
well  as  those  which  are  volatile.  They  may  be  arranged  in  Hxa  classes. 
I.  Vice-radicals,  in  which  the  hydrogen  of  the  original  radicals  is  re- 
l^aced  by  chlorine.  These  I  sliall  call  Chloric  Radicals.  The  iodic-  and 
txomic-radicals,  ibrm  parallel  series,'  belonging  to  the  same  class.  2, 
Those  b  which  the  hydrogen  is  replaced  by  nitrc^en.  These  I  shall 
call  Zotk  Eadkais.  \.  Those  in  which  the  hydrogen  is  replaced  by 
sulphur,  which  I  shall  call  Sidphic  Radkais.  4.  Those  in  which  the 
hydrogen  is  replaced  by  metals,  which  may  be  distinguislied  as  MetdUie 
YKe-Radictds. 

I.  Chloric  Radicals. 

The  accoimt  of  the  chloric  radicals,  already  ^ven  at  pages  93  and 
101,  leaves  but  a  few  remarks  unsaid.  When  the  chlorine  is  introduced 
into  a  Dt^tive  or  add  radical,  the  vice-radical  is  also  negative,  and  in 
fonning  salts  with  positive  radicals,  it  acts  in  the  same  manner  as  the 
wiginal  radicals.  In  being  monobasic  or  bibasic,  in  forming  salts  with 
Mie  atom  of  oxygen,  or  witli  two  atoms  or  three  atoms,  and  in  similar 
particulars,  the  vicar  and  the  principal  radical  agree  perfectly.  Generally, 
also,  the  salts  of  the  chloric  radical  have  the  same  external  appearance  as 
those  of  the  hydrocarbon  radical.  Their  solutions  do  not  give  a  pre^ 
k2 
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dpitate  with  solutions  of  silver,  and  the  presence  of  the  chlorine  can 
only  be  demonstrated  by  a  process  which  destroys  the  compound.  The 
following  are  examples  of  salts  that  contain  chloric  radicals,  placed  in 
juxtaposition  with  the  corresponding  salts  of  the  original  radicals.  The 
nomenclature  has  been  expl£dned  at  page  94 : — 


Badicals. 


Acetyl  < 

ICH31* 


rc*ip 

Valeryl< 

(  C*H*C1* 


[  (7H* 
Benzyl  < 

[(7H*C1 


Phenyl  j 


C«H»C1» 


C«CP 


Salts. 


XT  rvHiQt       J  Hydrated  acetic  acid. 

'  '    I  Hydra  acetylete. 
XT  fvpwQi       ]  Hydrated  trichloracetic  acid. 

'  *  I  Hydra  chlorinic-acetylete. 

H  OH'O*  i  Hydrated  valerianic  acid. 

'  *  (  Hydra  valerylete. 

H  C^HH^IK)'  J  ^y^^^  quadrichlorovaleric  acid. 

'  \  Hydra  chloronio-valeiylete. 

XT  (TfTAQ*        /  Hydrated  benzoic  add. 
'  '   I  Hydra  benzylete. 


H,(7H*C10» 

H,(?H*0 

H,CHH31H) 

H,CTPa*0 


{Hydrated  chlorobenzoic  add. 
Hydra  chloric-benzylete. 

{Hydrated  phenic  add. 
Hydra  phenylate. 
I  Hydrated  bichlorophenic  add. 
I  Hydra  chlorenic-phenylate. 
Hydrated  trichlorophenic  add. 
Hydra  chlorinic-phenylate. 
Hydrated  qulntichlorophenic  add. 
Hydra  chlorunic-phenylate. 


The  vice-radicals  formed  by  iodine  and  bromine  are  similar  in  consti^ 
tution  and  functions  to  those  formed  by  chlorine.  I  refer  the  reader  for 
examples  to  the  sections  on  Indigo  and  Aniline. 


II.  Zotic  Badicals. 

The  acids  of  zotic  radicals  are  generally  produced  by  dissolving  certain 
organic  adds  in  fuming  nitric  add,  or  in  a  mixture  of  nitric  add  and 
concentrated  sulphuric  add.  The  reaction  may  be  represented  as 
follows : — 
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Em[do7«d.  Prodiioed. 

icacid     .     .    H,C?H»0«  H,(7H*N0*. 

!  add  .     .     .     H,N     O*  H,    H     O. 

m  of  hjdraCed  benzoic  acid  and  an  atom  of  bydrated 
ace  an  atom  of  water  and  an  atom  of  hydrated  nltroben- 

Sng  the  compoeitioQ  of  this  new  acid,  we  perceive  two 
liarities ; — In  the  first  place,  the  radical  benzyl  =  (TH*  ia 
he  substitution  of  aa  atom  of  □itrogen  for  an  atom  of 
he  vice-radicfll  CH'N,  or,  as  I  have  proposed  to  forma- 
),  into  (7H*Z ;  for  which  formula  the  systematic  name 
i«yl.     In  the  second  place,  we  perceive  that  the  add 
ice-radical  ccKitaina  two  atoms  more  of  oxygen  than  are 
add  formed  by  the  original  radical.     This  is  not  a  pro- 
petty  belonging  to  this  individual  example,  but  is  a  characteristic  of  all 
the  zotjc  radicals  which  contain  carbon.     For  every  atom  of  nitrogen 
trbich  is  carried  into  any  radical,  in  substitution  for  an  atom  of  hydrogen, 
two  atoma  of  oxygen  are  carried  into  the  nalta  of  that  radical ;  and  this 
iscwtinued  to  the  amount  of  three  atoms  of  nitrogen,  beyond  which 
Dumber  substitution  by  this  element  rarely  extends.     The  following  are 
tbercfive  the  proportions  and  general  limite  of  the  zotic  radicals : — 
Eipellad  from  the  Substituted. 

Zotic  radicals  .     .     .     .    H'.  Z'  +  0'. 

Zoteric  radicals    .     .     ,    H'.  Z*  +  O*. 

Zotinic  radicals    .     ,     .     H*.  Z'  +  0". 

In  two  respects  the  eotic  radicals  di^  easentially  from  die  chloric 
radicals.  The  first  is,  that  in  the  latter  there  is  no  limitation  to  the 
number  ot  atoms  of  chlorine  that  can  replace  atoms  of  hydrc^^ ;  Bub- 
stitntioD  may  proceed  till  all  the  hydr<^i;en  of  any  radical  is  replaced  by 
cUviDe.  The  second  point  of  difference  is,  that  the  salts  of  the  chloric 
ndicaU  contain  in  all  cases  the  same  quantity  of  oxygen  as  the  salts  of 
the  primary  radiada  from  which  they  are  formed. 

The  circumstance  that  every  atom  of  nitrogen  that  goes  into  a  zotic 
radical  is  accompanied  in  its  transit  by  two  atoms  of  oxygen  has 
indaced  many  chemists  to  conclude,  that  the  actual  substitute  for  each 
atom  of  hydrogen  which  nitric  acid  expeb  from  a  radical  is  not  an  aUmi 
of  nitn^m  =  M,  but  an  atom  of  peroxide  of  nitrogen  =  NO",  and  this 
condosion  has  induced  them  to  Ibrmtdate  the  salts  of  the  zotic  radicals 
in  such  a  manner  as  to  show  that  two  atoms  of  ozygen  in  company  with 
each  atom  of  nitrog^i  are  sitnat«d  in  the  body  of  the  compooiid  radical. 
Thns.-^ 

(?H'(NO")0 1  _  Hyjj^jgj  nitrobenzoic  acid. 


jj-™- 
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This  symbol  affects  to  show  us,  that  there  is  in  this  salt  one  atom  of 
oxygen  that  is  equally  combined,  on  the  one  hand,  with  a  single  atom  of 
basic  hydrogen,  and  on  the  other  hand,  with  a  complex  acid  radical. 
This  complex  acid  radical  is  itself  an  oxide  containing  one  atom  of  oxygen 
m  combination  with  a  nitro-conjugated  radical  =  (JR*(JSO*)  +  O.  This 
nitro-conjugated  radical  =  CH*(NO*)  is  fundamentally  benzyl  =  (7H*, 
but  it  is  benzyl  which  contains  peroxide  of  nitrc^en,  instead  of  one 
atom  of  hydrogen  =  C7H*  +  NO".  Here,  therefore,  we  have  oxygen 
represented  to  be  distributed  in  three  places,  combined  with  three 
different  degrees  of  intensity,  to  the  radicals  of  the  salt — ^we  have,  con- 
sequently, assumptions  upon  assumptions  three  deep,  which  can  be  jus- 
tified or  established  by  no  evidence,  and  which  serve  no  useful  purpose. 

The  symbol  O-j  tt^  '  >isan  affectation  of  knowledge — a  pre- 
tentious accuracy — in  a  matter  where  accurate  knowledge  is  unattain- 
able. It  serves  neither  to  register  nor  to  convey  knowledge,  for  it 
represents  nothing  but  a  speculation.  I  should  not  quarrel  with  it,  if  it 
were  confessedly  a  speculation.  What  I  complain  of  is,  the  practice  too 
common  among  organic  chemists,  of  stating  such  speculative  views  as 
if  they  represented  demonstrated  facts.  Until  we  learn  something  certain 
respecting  the  distribution  of  oxygen  between  the  positive  and  negative 
radicals  of  a  salt,  the  honest,  modest,  prudent  course  for  us  to  follow  is, 
to  put  the  oxygen  together,  and  frankly  confess  that  we  do  not  divide  it 
between  the  radicals,  because  we  do  not  know  how  to  do  so  with  the 
slightest  pretensions  to  accuracy  and  truth. 

Applying  this  notion  to  the  nitrobenzoic  add,  the  formula  becomes 
H,(7H*Z0*. 

The  leading  properties  of  the  salts  of  the  zotic  radicals  are  as  follow : 
They  are  all  monobasic.  They  have  usually  a  yellow  colour.  Bitter. 
Commonly  decomposed  by  heat,  so  that  they  do  not  form  gases.  The 
decomposition  by  heat  is  generally  explosive.  It  is  possible,  therefore, 
that  the  nitrogen  which  they  contain  may  be  present  in  that  condensed 
condition  which  I  have  referred  to  in  the  article  on  Cyanyl  (page  ioi)« 


Eaxmples  of  Salts  containing  Zotic  Radicals, 


Radicals. 


fC»H» 
Propionyl  < 

iC*H*Z 


Salts. 


H  r^IPO"      /  Hydrated  propionic  acid. 

'  •  \  Hydra  propionylete. 

TT  r«iT47o«   J  Hydrated  nitropropionic  acid. 

'  \  Hydra  zotic-propionylote. 
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H.CH'0   .  JHydmtedphenicacid. 

I  Hydra  phenylate. 
H  CTPZ'O'  i  Hydrated  binitrophenii 
'  I  Hydra  zotenic-phenylu 

I  Hydra  zotiDic-pbenylei 

u  rvxnnt      S  Hydrated  benzoic  aeid 
H,CH^)"  .  ^  jjj,^  benjyiete. 
H,(7H'Z0*    )  Hydrated  nittobeiizoic 
'  I  Hydra  zotLC-benzylote. 

H.CJH-Z-O-  i  gr^"'"'  blolljobenzo 
\  Hydra  zotenic-benzyla: 

a  r^Tnr*     J  Hydrated  cinnamic  ad 
n,L.  U  U-  .  I  jjj,jj|^  dnnamylete. 
H  (TH'ZO*  i  Hydrated  nitrociunam: 
'  t  Hydra  zotjc-dnnamylo 


Lest  it  ahonid  be  imagined  that  I  lose  sight  of  the  di 
■ttHtd  the  management  of  the  zotic  radicals,  I  will  cite  a  c 
perplexing  examples  from  an  article  on  the  Benzoates,  n 
H.  Kolbe.' 

"  Benzoate  of  oxide  of  phenyl  (benzoj^enid  of  Laur 
hardt)  (C'TI*)0,C'*H'0*."— iToiie. 

According  to  my  notation  this  compound  is  C^'jCHH 
nyla  ben^Iete. 

"  Benzoate  of  oxide  of  InnitrophenyL  (Binitrobeniophei 
and  Gfrhardt.) 

*^'i(NO')'!'^-  *^'*H*^-"-^'*'- 

According  to  this  formula,  three-fonrtha  of  the  wwgen 
combined  with  the  Iiasic  radical  and  one-fourth  with  the 
According  to  my  notation,  the  synoptical  formula  is  CH'Z 
llie  systematic  name  is  zotenic-phenyla  benzylaze. 

"  Baizoate  of  oxide  of  trinitiophenyl.  (Trinitrobenzc^ 
rent  and  GerhardL) 

G-j^^yjO.  C"W<y."— Kolbe. 


'  Snpplemente  zom  Handworterbuche  der  Ch^nie  (i8j 
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According  to  this  formula,  thirteen-sixteenths  of  the  oxygen  of  the 
salt  is  combined  with  the  basic  radical,  and  only  three-sixteenths  with 
the  acid  radical.  According  to  my  notation,  the  synoptical  formula  is 
CIPZ^C7HHy,  and  the  systematic  name  is  zotinic-phenyla  benzylize. 

If  I  wanted  to  make  analytical  formulse  for  the  last  two  compoonds* 
I  should  reason  in  this  way :  The  analytical  formula  of  the  phenic  acid 
is  H,CrH*0,  and  that  of  the  benzoic  acid  is  H0,(7H*0.  If  the  basic  H 
in  the  last  formula  is  replaced  by  phenyl,  we  have  the  salt  CHK), 
CTH'O,  as  exhibited  in  the  first  of  the  above  three  examples. 

If  the  replacing  radical  is  zotenic-phenyla  =  CIPZ*,  the  resultiDg 
salt  must  account  for  the  four  atoms  of  oxygen  which  always  accompany 
Z',  when  acting  as  substitute  for  H*,  and  we  have  consequently  the 
analytical  formula  CTa'Z'0;,(m*0.  The  O*  consists  of  the  O*  belonging 
to  tiie  original  phenylate,  and  the  O  brought  into  the  compound  by 
the  Z«. 

In  like  manner,  the  vice-radical  C*H*Z*  gives  rise  to  a  oompottnd 
which  requires  the  analytical  formula  C»H*Z«(y,(7H»0. 

The  inspection  of  these  analytical  formulse  gives  rise  to  an  important 
question.  Can  the  oxidised  radical  (7HHD  act  as  an  acid  radical  against 
such  oxidised  radicals  as  CTTEPZ^O* and  CH'Z^y  taken  as  basic  radicals? 
Is  such  an  action  certain — is  it  possible — probable — ^plausible  ?  No ! 
certainly  not.  It  would  be  just  as  extravagant  to  assume  that,  in  sul- 
phate of  potash,  SO"  acted  as  a  base  against  EO  as  an  add.  But  what 
opinion  ought  we  to  form  of  these  salts  ? 

The  salts  in  question  are  produced  by  the  action  of  chloride  of  benzyl 
((7H*C10)  upon  bmitrophenic  add  =  H,CH"Z*0*  and  trinitrophenic 
acid  =  H,C®H*Z"(y.  But  the  action  which  takes  place  is  such  as  ^rows 
the  benzyl  out  of  the  condition  of  a  basic  radical  into  the  condition  of  an 
add  radical,  because  the  salts  finally  produced  contain  res|)ectively  six 
and  eight  atoms  of  oxygen,  whereas  if  phenyl  were  the  acid  radical,  the 
atoms  of  oxygen  in  the  salts  would  be  respectively  five  and  seven.  I 
think  therefore  that  in  the  formation  of  these  salts,  the  nitrogen  passes 
from  the  phenyl  radicals  into  the  benzyl  radicals,  and  that  the  final  pro- 
ducts of  the  two  processes  are  as  follows : — 

CH»0,C?IPZ«0»  =  CTa[»,(7H»ZK)«  =  Phenyla  zotenic-benzylaze. 
C«H*0,(7H«Z»(y  =  CrH*,(7H«Z»0»  =  Phenyla  zotinic-benzylize. 

The  salts  formed  by  zotic  radicals  are  all  numobasic,  because  there  is 
present  in  each  of  them  only  one  acid  radkxHy  whatever  may  be  the 
quantity  of  azote  they  contain. 

III.  Sulphic  Badicals. 

The  salts  that  contain  the  sulphic  radicals  are  produced  by  subjecting 
organic  acids  to  the  action  of  anhydrous  sulphuric  acid,  or  of  oil  of 


METALLIC  VIC&RABICALS.  137 

vHrioL  Each  sniphic  radical  consiists  of  one  atx>m  of  an  (nganic  negative 
radical  minus  one  atom  of  hydrogen  plus  one  atom  of  sulphur ;  and  in 
its  salts  there  is  always  present  one  atom  more  of  oxygen  than  belongs 
to  salts  of  the  same  organic  radical  in  its  normal  state.  The  production 
of  these  sulphic  ladicals  may  be  explained  as  follows.  I  use  the  radical 
benzyl  as  an  example : — 

a.  Heaction  tdien  Hydrated  StUphmric  Acid  is  used, 

Hydrated  benzoic  acid    .     H,C7H»0"  \         JH,(7H*S0». 
Hydiated  sulphuric  acid  .    H,SO"      J    "^   \(HyEO  set  free.) 

b,  Beactkm  when  Anhydrcus  Sulphuric  Acid  is  used, 

Hydrated  benzoic  acid    .  {  j^'^^^^  I    ^    J  u\(m^sO^. 
Anhydrous  sulphuric  add    S,SO^      J  ( (H,HO  set  free,) 

As  an  atom  of  water  is  thrown  off  in  each  case,  the  proportions  of  the 
acting  ingredients  are  regulated  by  that  contingency. 

But  the  sulphic  radicals,  thus  produced,  never  give  monobasic  salts 
agreeing  with  the  formula  H,(7H^S0*.  Formed,  as  they  are,  in  the 
presence  of  an  excess  of  sulphuric  acid,  they  always  combine  with  an 
atom  of  that  acid,  and  produce  a  double  salt  of  the  formula : 

H,Cm*SO»  +  HSO^  a  H,H ;  (7H*S\)». 

This  formula  represents  the  structure  of  all  the  salts  that  contain  sulphic 
radicals.  As  exhibited  by  the  analytical  formula,  they  are  double  salts ; 
as  exhibited  by  the  synoptical  formula  they  are  bibasic  salts ;  and  as 
respects  their  nomenclature,  we  have  the  choice  of  nammg  them  in 
accordance  with  either  of  these  formulse.  I  shall  give  no  examples  of 
such  salts  in  this  section ;  because  the  sulphic  radicals  will  again  come 
under  our  consideration  in  the  discussion  of  the  Constitution  of  Con- 
jugated Acids  and  elsewhere. 

IV.  Metallic  Yice-Eadicals. 

There  are  two  kinds  of  metallic  vice-radicals : — ist.  Amidogen  -  ZH", 
and  anmionium  ZR*,  are  subject  to  exchange  part,  or  the  whole,  of  their 
hydrogen  for  metals,  and  thus  produce  compound  basic  radicals  which 
may  be  called  metallic  vice-amidogens  and  metallic  vice-ammoniums. 
These  will  come  under  our  consideration  in  a  subsequent  section. 

2ndly.  Many  basic  compound  radicals  of  the  hydrocarbon  series  ex- 
change part  of  their  hydrogen  for  metals,  and  thus  produce  compound 
radical&--metallic  vice-radicals — of  a  special  character.  These  are  at 
preset  scarcely  recognised  by  chemists,  but  in  subsequent  sections  of 
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this  Essay,  I  trast  to  be  able  to  satisfy  the  reader  that  they  actnallj 
exist.  In  the  meantime,  I  shall  quote  a  single  example,  in  order  to  ex- 
plain the  proposed  nomenclature  of  these  metallic  vice-radicals. 

CH"Ba  represents  methyl  in  which  an  atom  of  hydrogen  is  replaced 
by  an  atom  of  barium.     The  name  proposed  for  it  is  barytic-metht/la. 


The  Phosphates. 

The  following  diagram  exhibits  the  constitution  of  the  phosphates : 
Graham's  Formulse.*  Proposed  Formulc' 

No.  1.  KO,PO*  =   KPO». 

2.  KO,KO,PO»  =   KPO»  +  KTO*   =  K*P«(y. 

3.  KO,KO,KO,PO»    =   KPO»  +  KKO     =  K»PO*. 

No.  I  in  this  Table  is  the  metaphosphate  or  monobasic  phosphate. 
No.  2  is  the  pyrophosphate  or  bibasic  phosphate.  No.  3  is  the  ordinary 
or  tribasic  phosphate.  The  second  colmnn  represents  the  formulae  which 
I  am  inclined  to  give  to  these  salts. 

According  to  this  view,  the  metaphosphate  is  the  normal  phosphate 

containing  one   basic    radical    and   one   acid   radical,   both   oxidised 

e=  KO,POO.     The  terbasic  phosphate  is  a  compound  of  the  normal 

phosphate  «  KO,POO,  with  a  dioxide,  or  salt  on  the  model  of  water 

=  H,HO,   or  M,MO,   or  M,HO ;   producing   the  following  double 

salts: — 

Analytical  Formuls.      Synoptical  FormnUe. 

MPO»  4-  HHO  =  MHH,  PO*. 
MPO»  +  MHO  =  MMH,PO*. 
MPO»  -f.  MMO  =   MMM,PO*. 

The  synoptical  formulae  describe  the  terbasic  phosphate  as  if  it  were 
really  a  terbasic  salt,  namely,  a  salt  in  which  one  acid  radical  is  combined 
direcdy  with  three  basic  radicals,  I  do  not  admit  the  truth  of  that  theory. 
On  the  contrary,  I  consider  the  constitution  of  the  terbasic  phosphate  to 
be  represented  by  the  analytical  formula : — 

KO,POO  +  K,KO. 

It  is,  namely,  a  douhU  salt,  the  two  components  of  which  have  each  its 
basic  and  its  acid  radical.  When  we  transpose  this  analytical  formula 
into  the  synoptical  formula  E'PO*,  we  no  longer  express  the  true 
chemical  constitution  of  the  salt,  but  we  obtain  a  formula  that  is  useful 
in  explaining  those  cases  of  double  decomposition  in  which  the  phoe- 
phates  bear  a  part.     I  have  already  said,  and  I  repeat  it,  that,  in  the 

»K  =  39;  P  =  31;  0  =  8.         *  K  =  39;  P  =  31 ;  O  =  16. 
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pffiSHit  Slate  of  chemical  knowledge,  a  clear  distinction  should  be  made 
between  our  conjectures  respectiug  the  proximate  constitution  of  salts 
sad  our  mechanical  construction  of  chemical  furmuls  to  be  used  in  the 
i^listry  and  communication  of  our  experience.  We  have  knowledge 
enough  of  the  transformations  which  the  phosphates  undergo,  to  be  able 
to  coDstnict  fonnulte  that  can  accurately  represent  and  record  those 
trtnsfbTniatioDS ;  but  of  the  internal  constitation  of  the  phosphates  lie 
mow  nothing.  Our  analyses  prove  that  in  t«rbasic  phosphate  of  potash, 
we  have  potassium,  phosphorus,  and  o^geo.  Using  Mr.  Graham's 
atomic  weights,  the  atoms  are  K'P'O*.  Using  the  atomic  weights  that 
■re  advocated  in  this  Essay,  the  atoms  are  K*P'0*.  Of  the  manner  in 
irfaich  the  oxygen  is  distributed  among  the  other  elemaits,  and  in  which 
it  is  combined  with  them,  we  know  absolutely  nothing.  Mr.  Graham's 
groupmHit  of  the  elements  into  KO,KO,KO,PO*,  and  my  groupment  of 
than  into  KO.POO  +  K,KO,  are  both  oonjectitrtt :  nothing  more  1  It 
is  ciwscqnently  impossible  to  give  an  incontestable,  rational  fonnula  for 
the  phosphates,  and  therefore  I  conclude  it  to  be  best  to  give  such  a 
fermnla  as  is  likely  to  be  most  useful  in  practice,  and,  as  regards  the 
proximate  constitution  of  tlie  salt,  to  hold  my  mind  at  liberty  to  fiirm 
ojMnions  as  analogies  and  the  light  of  circumstantial  evidence  may  direct. 
I  give  therefore  to  the  terbasic  phosphates  a  terbasic  formula,  but  I  be- 
lieve that  the  terbasic  phosphates  are  double  salts  composed  of  two 
simple  monobasic  salts,  and  agreeing  therefore  with  the  doctrine  which  I 
m  attempting  to  establish,  that  every  wmple  salt  is  a  binary  compound 
of  two  isdicals. 

The  pyrophosphate  seems  to  be  a  compound  of  the  other  two  phos- 
phates, atom  to  atom.  Thus :  KPO»  +  K'PO*.  There  appear  also  to 
be  other  combinations  of  metaphosphates  with  terbauc  phosphates,  in 
proportioDs  difiWing  from  those  that  coostitate  the  pyrophosphate ;  such 

4(AgP0')  +  AgAgO  =  AgTW  +  aAgPO". 
3(AgPC)  +  AgAgO  =  Ag-P-O"  +  AgPC. 
lofAgPC)  +  AgAgO  =    Ag-PV  +  BAgPO-. 

If  the  pyrophosphates  are  formulated  synoptically  as  K'P'O',  thc^  are 
made  to  appear  as  tetrabosic  salts,  which  notion  may,  for  the  reasons 
which  I  have  just  given,  be  accepted  for  its  mechanical  convenience,  but 
i»  not  to  be  considered  as  expressing  a  chemical  &ct.  The  proximate 
onstitation  of  the  pyrophosphatea,  like  that  of  the  terbasic  phosphates, 
is  dieolutely  unknown.  My  optiwn  of  it  is  expressed  by  the  following 
■nalytiod  formula ; — 

(KO,POO  +  K,KO)  +  KO,POO. 

lite  trausformatioi)  and  reduction  of  this  analytical  fonnula  to  the  synop- 


140  THE  PHOSPHATES. 

tical  formala  K*FKf,  is  simply  with  a  view  to  practical  or  medianical 
utility. 

The  basylic  equivalents  given  in  this  Essay  greatly  simplify  the  fbr- 
mulse  of  the  phosphates  of  the  .compounds  which  are  commonly  called 
sesquiozides.     Thus  :~^ 


Instead  of 

A1«0»,3P0». 

Fe*0*,3P0*. 

Cr»0",5P0*. 

2CrK)»,3PO*. 


We  have 
AlcSO". 
FecPO*. 
CrcPO*. 
CrcPO*  +  Crc»PO*. 


By  adopting  a  proper  atomic  weight  £ot  the  basylic  radical  of  every 
quioxide,  we  are  freed  from  the  necessity  of  making  their  salts  triple.  In 
&ct,  three  atoms  of  phosphoric  acid  were  required  in  such  salts  merely 
because  chemists  took  three  atoms  of  base,  instead  of  one  atom,  to  com- 
pose each  salt,  and  by  a  perverse  ingenuity  made  the  three  atoms  appear 
to  be  only  one  atom,  and  that  one  atom  of  such  a  kind  that  three  atoms 
of  add  were  necessary  to  neutralise  it 

According  to  the  theory  which  I  have  endeavouzed  to  explain  in  this 
Essay,  there  is  but  one  kind  of  phosphoric  acidy  and  that  is  monobasic^ 
The  normal  phosphate  is  the  metaphosphate,  which  is  composed  of  one 
basic  radical  and  one  acid  radical  The  terbasic  phosphate  is  a  combina* 
tion  of  the  normal  phosphate  with  a  salt  of  the  formula  M,MO,  and  the 
bibasic  phosphate  is  a  compound  of  the  monobasic  with  the  terbasic 
phosphates.  All  other  phosphates  contain  these  three  varieties  varioiisly 
combined ;  or  with  the  addition  of  xHRO,  orMHO,  or  ^MMO. 

I  insist  upon  this  method  of  accoimdng  for  the  composition  of  the 
three  classes  of  phosphates,  because  it  is  the  only  reasonable  manner  of 
replying  to  these  objections  to  the  binary  theory  of  salts  which 
M.  Dumas  founded  expressly  upon  the  constitution  of  the  phosphates. 
See  page  20  of  this  work.  The  propositions  that  the  metaphosphates 
are  M,PO',  that  the  tribasic  phosphates  are  M.PO*  +  MMO;  and  that 
the  pyrophosphates  are  M,PO^  +  M'PO*,  are  so  much  in  accordance 
with  our  knowledge  of  numerous  double  salts  of  similar  constitution, 
that  we  can  admit  the  theory  without  much  hesitation.  But  the  case  is 
entirely  diiSerent  when  we  formulate  the  phosphates  expressly  as  mono- 
basic, bibasic,  and  tribasic  salts,  thus : — 

MjPC       =   monobasic. 
M^P«(y     =   bibasic. 
M«,PO*      =   tribasic 

According  to  this  diagram,  taking  the  phosphorus  and  oxygen  to- 
gether, we  have  before  us  three  totally  different  kinds  of  phosphates, 
those  with  PO*,  P(y,  and  PO*,  and  we  have  no  longer  for  adoption  the 
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one  and  the  same  add  radical  combines  with  different 
ame  basic  radical.  Then  again,  we  have  to  consider 
the  occiirTHice  of  snch  combinationB  between  radicals 
ms  tuose  wuicji  are  represented  in  the  diagram  by  (M  +  M  +  M  +  M) 
+  (F  +  P)  and  (M  +  M  +  M)  +  P.  A  glance  at  the  numerous  for- 
mnls  of  gaseons  salta  which  appear  in  the  preceding  pages  will  show 
the  otrone  mililcelihood  of  the  form&tion  of  such  compoands  as  these, 
aod  will  gi^gest  the  almost  onavoidable  conclusion,  that  phosphoric  acid 
is  netlher  bibasic  nor  tribasic,  but  only  subject  to  form  those  peculiar 
doable  salts,  that  seeh  to  be  bibasic  and  tribasic  while  considered  as 
ocRnpoonds  of  fictitious  acids  and  bases, 

Wbea  monobasic  phoaphoric  add  is  boiled  in  water.  It  is  converted 
into  triba^c  acid,  witiiont  passing  through  the  intermediat«  stage  of 
bibasic  add.     That  experiment  cannot  be  explained  on  the  add  theoiv, 
but  it  agrees  perfectly  with  the  radical  theory.     The  tribasic  add  is  the 
result  of  the  direct  combination  of  the  monobasic  add  with  water,  atom 
to  atom,  HPO*  +  HHO.     The  bibasic  add  is  a  secondary  compound 
that  deroanda  the  previous  formation  of  the  tribasic  acid,  for  it  cannot 
be  made  by  the  direct  cmnbiDation  of  the  monobasic  add  with  wat«r, 
because  it  is  phyai(»lly  impossible  to  boil  HPO*  +  HPO*  in  HHO,  and 
when  more  HHO  is  used  yon  produce  the  tribasic  add.    This  reaction  is 
ctmsequendy  in  &7our  of  the  view  that  1  am  advocating  of  the  constitu- 
tioo  of  the  phosphates. 
In  oondusiixi,  I  admit  the  varietiea  of  phoephatea  to  be  as  follows : — 
AiulftiGBl  FonDolie.       Synoptical  Pormols. 
Monobasic,  <»        \  ^pQ,  ^  gp^. 

metaphoepnate  ( 

T  pyn>  I  jj-pQ,  _|_  Kpo»,KKO     =  K'P'O' 


Tribasic,  or  com-  »     EpQi  +  KKO  =   KTO* 

mon  phosphate  ) 

The  Nomenclature  of  the  phosphates  has  proved  to  be  diflicult  upon 
«T«S7  theory  that  has  been  applied  to  them.  Compiebejiding  many 
b«a,  and  in  diversities  of  number,  the  salta  require  names  that  are 
necessarily  long,  and  for  that  reason  subject  to  be  uncouth.  No  sys- 
tanatic  nomenclature  aai  give  short  names  to  double,  triple,  and 
qDadni]de  salts,  without  atddgments  that  must  introduce  ambiguity 
with  brevity.  The  nomenclature  now  proposed  is  fully  equal  to  the 
exact  ezpressicm  of  the  composition  indicated  by  the  symbols  of  the  dif- 
feroit  pbcephat«8,  but  it  does  not  escape  the  evils  of  length  and  com- 
plexity to  which  all  systematic  names  of  the  phosphates  must  ever  be 
liaUe. 

The  add  radicals  and  the  o^gen  of  the  three  classes  of  phosphates 
will  in  all  cases  be  indicated  thus : — 
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Monobasic,  or  metaphosphates  by  PO*  =  Phosphite. 
Tribasic,  or  commoa  phosphates  by  PO*  =  Phosphote. 
Bibasic,  or  pyrophosphates  by  FHy  =  Phospheneze. 

The  substantive  portion  of  the  names  is  therefore  simple.  The  difficulty 
lies  in  the  adjective  portion  of  the  name,  which  must  nominate  all  the 
basic  radicals  that  are  present  in  each  salt 

Examples  of  Phosphates. 

Common  Fommla.        Proposed  Formols.  Proposed  Names. 

a,  Metaphosphates. 

NaO,P(y  ....  NaPO»   .  .  .  Natra  phosphite. 

AgOjPO*  ....  AgPO*  .  .  .  Argenta  phosphite. 

A1«0',3P0*    .     .     .  AlcPO*  .  .  .  Alanic  phosphite. 

Cr'0',3P0*    .     .     .  CrcPO"  .  .  .  Chromic  phosphite. 

6.  Tribasic  Phosphates. 

3K0,P0*  ....  K'PO*    .     .     .  Potassine  phosphote. 
2K0,H0,P0*     .     .  K'H.PO*     .     .  Potassen  hydm  phosphote. 
K0,2H0,P0*     .     .  KIP,PO*     .     .  Potassa  hydren  phosphote. 
3NaO,  PO*  +  i2Aq  Na'PO*  +  Aq*  Natrine  phosphote  aquaze. 
3AgO,PO*     .     .     .  Ag'PO* .     .     .  Argentine  phosphote. 
NH*0,NaO,HO,PO*  Na,NH*,H,PO*  Natra  ammona  hydra  phosphote, 

4-  8Aq.  +  Aq*.  aquote. 

2H0,C*H*0,P0*.  .  C«H*,H*;  PO* .  Ethyla  hydren  phosphote. 
H0,2C*H*0,P0*.  .  ((?H*),"H;  PO*  Ethylen  hydra  phosphote. 
3C*H*0,P0*  .     .     .  ((?H»)TO*     .  Ethyline  phosphote. 

c.  Pyrophosphates, 

2C*H*0,P0*  .  .  .  (C'H'yP'O'  .  Ethylone  phospheneze. 
2K0,P0*  ....  K*P»0'  .  .  .  Potassone  phospheneze. 
2Cr*0*,3PO*  .     .     .  Crc*P*0''     .     .  Cromonic  phospheneze. 

The  above  names  give  a  necessary,  and  a  very  un&vourable,  example 
the  application  of  the  proposed  nomenclature  to  compound  salts.  The 
critic  will  instantly  perceive  that  *'  microcosmic  salt "  is  a  much  shorter 
term  than  '*  natra  ammona  hydra  phosphote  aquote ;  and  that  *'  ordinary 
phosphate  of  soda"  (Gmelin's  name)  is  far  easier  than  ''  natrine  phos- 
phote aquaze ;"  but  then,  the  short  and  easy  names  do  not  express  the 
constitution  of  the  compounds,  and  in  regard  to  such  complex  substances 
it  will  perhaps  be  ever  impossible  to  find  words  that  will  accurately 
state  their  composition,  and  yet  be  short  and  easy.  Any  systematic 
nomenclature  must  be  judged  of  by  its  general  applicability  and  not  by 
its  failure  in  a  few  special  and  non-important  instances. 
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The  Phosphites. 

According  to  the  researches  of  Railton^  and  Williamson,'  a  phosphite 
reqnireB  the  following  formula — 

M,M,M;  P0». 

Comparing  this  oonstitation  with  that  of  a  metaphosphate  =  MPO*,  we 
observe  the  striking  peculiarity,  that  with  the  same  acid  radical  and  the 
SBune  amount  of  oxygen  in  each  salt,  we  have  in  the  metaphosphate  one 
basic  radical,  and  in  the  phosphite  three  basic  radicals.  At  first  sight, 
sach  a  result  appears  improbable ;  but  a  little  investigation  removes  the 
^parent  difficulty.     The  constitution  of  the  metaphosphate  is 

MO  +  POO. 
That  of  the  phosphite  is — 

MO,PO  +  M,MO. 

Namely,  it  is  a  double  salt,  where  MO,PO  =  MPO*  is  of  the  same  form 
of  constitution  as  the  oxalates  and  sulphates,  and  M,MO  of  the  same 
constitution  as  water  H,HO,  These  two  salts  combine  to  form  terbasic 
phosphite,  just  as  MPO"  and  MMO  combine  to  form  a  terbasic  phos- 
phate. But  the  normal  salt  MPO"  is  unknown. 
The  following  are  examples  of  phosphites  : — 

Ba,C"H*,C^H* ;  P0»  Baryta  ethylen  phosphite, 

Ba,Ba,C"IP;  P0»  Baryten  ethyla  phosphite. 

Ba,Ba,H ;  PO*  Baryten  hydra  phosphite, 

eH",C»H".C?H» ;  P0»  Amyline  phosphite. 

(7H*,C"H*,C«H* ;  P0»  Ethyline  phosphite. 

Pb,OTa[*,H;  P0»  Plumba  ethyla  hydra  phosphite. 

Ba,C*H*,H;  P0»  Baryta  ethyla  hydra  phosphite. 

Sn)Sn,H ;  PO^  Stenous  hydra  phosphite. 

No  inorganic  nonnal  phosphite  contains  three  atoms  of  metal.  They 
have  all  two  atoms  of  metal  and  one  atom  of  hydrogen.  Rose  considers 
them  to  be  bibasic,  but  always  containing  water  of  cystallization ;  and 
Wortz  has  attempted  to  prove  that  they  are  bibasic,  with  a  compound 
add  radical  consisting  of  PH.  That  theory  seemed  to  be  probable  when 
we  jadged  firom  the  composition  of  the  mineral  phosphites,  in  all  of  which 
we  find  H* ;  but  Railton's  discovery  of  the  salts — 

Ba,CH*,C"H*;  P0». 

Ba,Ba,C*H*;  PO*. 

C«H»,C»H*,C«H*i  P0». 

*  Quartfirly  Journal  of  the  Chemical  Society  (1854),  VII.  216. 

•  Proceedings  of  the  Royal  Society  (1854),  VII.  131. 
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seems  to  overtam  Wurtz's  theory.  Yet  it  is  remarkable  that  Railtom 
tried  in  vain  to  produce  the  salt — 

Ba,Ba,Ba;  P0», 

and  that  in  those  cases  of  inorganic  basic  salts,  where  there  is  present*  a 
great  excess  of  metal,  there  is  also  always  present  as  much  hydrogen  or 
water  as  gives  at  least  possibility  to  the  theory  of  the  presence  of  the 
compound  radical  PH  in  all  inorganic  phosphites. 


The  Hypophosphites. 

The  composition  of  the  hypophosphites  is  uncertain.     Many  of  the 
inorganic  hypophosphites  seem  to  be— 

MPO  +  H,HO 
equal  to  M,H,H ;  P0». 

But  they  cannot  be  deprived  of  this  hydrogen  or  water,  and  the  normal 
salt  =  MPO  is  unknown.  Wurtz  has  suggested  that  they  contain  a 
compound  acid  radical  =  PH',  and  that  the  proper  formulae  of  the  salts 
is — 

M,PH«0'. 

On  the  other  hand,  Kane  has  pointed  out  the  existence  of  a  salt  contain- 
ing hypophosphite  of  barytes  and  acetone,  equal  to 

Ba,CH»,C"IP ;  PO"  =  Baryta  methyla  acetyla  phosphete. 

and  a  similar  salt  containing  soda — 

Na,CH»,C?IP ;  P0»  =  Natra  methyla  acetyla  phosphete. 

If,  on  this  ground,  we  admit  the  hypophosphites  to  be  tribasic,  we  have 
still  the  difficulty  of  accounting  for  the  circumstance  that  the  three  basic 
radicals  of  the  inorganic  salts  are  always  MHH,  and  never  MMM. 

The  Sulphates. 

According  to  the  radical  theory,  the  composition  of  hydrated  sul- 
phuric acid  is  as  follows : — 

AnaljTtical  Formula.  Synoptical  Formala. 

H0,S0.  HSO» 

Where  H  =  i,  S  =  i6,  O  =  i6. 
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i  Gerhardt,  sul- 
poaed  thoa;' 


a* 


Accordiofr  to  ProfessM  Wil- 
liamsoo,  siuphnni:  acid  is  com- 
posed thus:* 

!  J3.  O  =  i6. 

e  radical  theioy,  tolphonc  acid  i«  monobasic  tliat  is 

one  atom  of  hydrogen  repkceahle  by  a  metal.     Ac- 

Gerhardt  and  Williamson,  solphuric  acid  is  bibasic, 

contains  two  atoms  of  hydrogen  which  are  both  or 

by  metals.     The  compound  which  oa  the  theory  of 

-»_...  _«.  .,  ..Jamson  is  a  single  bSxiac  tviphate,  is,  on  the  radical 

theoiy,  a  doubh  adit  composed  of  too  itumcbasic  sulphates.     These 

theories  are  cooseqnaitly  antagonistic.     I  believe  that  the  radical  theory 

it  the  true  one,  aiHl  I  shall  endeaTonr  to  show  that  tiie  stgnments  by 

whidi  the  bibasic  theory  is  advocated  are  such  as  cannot  command  our 

H.  Gahardt's  firtt  and  main  arguoteut*  depends  upon  the  atomic 
■iHMore  of  the  gaaeons  sulphates.  He  points  out  thst  when  yoti  ex- 
imine  a  gaseoos  salt,  of  a  kind  that  is  admitted  to  be  nxmobasic,  such 
as  an  aoeute  or  a  b^zoate,  you  find  that  two  volunes  of  it  coatain  one 
basic  radical,  but  that  when  you  examine  a  gaseons  solphate,  yon  find 
that  two  TiJiunes  of  it  c<Mitain  two  basic  rsdicab ;  whence  he  iafers,  that 
sotphonc  add  is  bibasic. 

This  argument  is  worthless,  becanse  it  leaves  out  of  coosideTation  the 
Act,  that  the  radiral  solf^mr  in  the  gaseoos  sulphates  measures  noUiing. 
The  ccmsequence  of  that  ]x>operty  is,  that  a  gaseoos  sulphate  is  complete 
In  one  volume,  and  that  if  you  examine  two  Tolomes  of  ihe  gie,  you 
find  two  basic  radicals  because  yon  oponte  apos  two  aoinplet«  sulphates. 
lUs  attempt  to  prove  thst  sulphates  are  ksbaeic  is  conseqocaitly 
abortive.  1 

M.  Gerhardt'B  teamd  argwntnt  depends  ttpon  the  properties  of  the 
gases  that  ooatain  dUorine  with  sulphur.     Thus  he  points  out  liial — 


[  Chloride  of  Beetle  contam  (3,C?H'0. 
Chloride  of  solpnuryle  conttun  C1',S0*. 


From  which,  as  before,  he  oooclodes  that  snlphor  is  bibasic,  and  acetyle 
monobasic.  Bnt  this  argument  rests  on  no  better  tbundetirai  than  the 
fbnner.  The  oiychlixide  of  sulphur  (chlorosulphuric  acid)  SCIO,  or 
CISO,  is  complete  in  one  vcJnme,  because  S  and  O  measure  nothing; 


'  Trait^  de  Chimie  Organique  (1856),  torn.  iv.  p.  64a. 

■  Quarterly  Journal  of  the  Chemical  Society  (1854),  VIL  iSs. 

*  Vide  the  Traits  de  Chimie  abeady  cited. 
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and  in  two  voltones  of  vapour  you  have  two  complete  salts,  and  there- 
fore two  radicals  of  each  kind.  This  and  the  preceding  argument  have 
been  so  fully  discussed  at  pages  98,  102,  and  x  13,  that  fiirSier  criticism 
is  needless. 

Third  argument. — '*  Whereas  monobasic  acids  give  but  one  compoand 
ether,  sulphuric  acid  gives  two,  one  neutral  and  one  add.  Whereas 
monobasic  adds  give  but  one  amide,  sulphuric  acid  gives  several." 

My  reply  to  this  argument  is,  that  the  compounds  in  question  depend 
upon  the  property  which  sulphur  possesses  of  forming  numerous  com- 
pound salts,  not  only  double,  but  triple,  fourfold,  fivefold,  and  varieties 
still  more  complex.  The  property  of  producing  compound  salts  is  quite 
a  different  thii^  from  the  property  of  btbcundty,  meaning  by  the  latter 
term  the  power  possessed  by  om  add  raduxd  of  combining  with  tvxf 
basic  radicals.  This  is  the  property  which,  in  my  opinion,  does  not 
belong  to  sulphuric  acid ;  and  no  mere  enumeration  of  the  ethers,  the 
amides,  and  other  double  salts,  which  sulphuric  add  unquestionably  does 
form,  can  affect  the  point  at  issue,  which  stated  in  plain  terms,  is  the 
assertion  that  two  ftostc  radicals  can  combine  with  one  atom  of  oxidised 
sulphur  to  form  a  sulphate.  This  is  the  point  that  I  deny,  and  M.  Ger- 
hardt  only  evades  the  real  question,  when  he  doubles  the  atomic  weight 
of  sulphur,  and  when  he  adduces  double  salts,  namely,  pairs  of  stdphaiesj 
containing  ethyl,  amidogen,  and  other  bases,  to  prove  that  one  sulj^iate 
contains  two  basic  radicails. 

Fourth  argument, — ^^  If  we  determine  what  are  the  smallest  possible 
quantities  of  the  radical  acetyl  and.  the  radical  sulphuryl  which  occasion 
chemical  metamorphoses,  we  find  that  these  radicals  are  U"Jtl"0  equi- 
valent to  H,  and  SO*  equivalent  to  H*.  This  naturally  leads  us  to 
represent  the  molecule  of  acetic  add  as  monatomiOf  and  the  molecule  of 
sulphuric  add  as  Hatomic** — ^Trait6,  iv.  p.  643. 

Monatomic^  in  Gerhardt's  language,  signifies  **  derived  fitxn  one  atom 
of  water ;"  and  Uatomo  signifies  *'  derived  firom  two  atoms  of  water/' 
The  former  has  oneikplacable  atom  of  basic  hydrogen,  the  latter  has 
two  such  atoms.  The  ^*  sulphuryl "  referred  to  in  this  argument  as  SO* 
sH",  contains  32  parts  of  sulphur,  and  is  therefore  what  I  should  call 
SO  X  2.  It  is  equivalent  to  H*  simply  because  it  contains  S'.  The 
03cygen  has  nothing  to  do  with  the  question  of  basidty.  Here  M.  Get- 
htfdt  first  assumes  that  two  atoms  of  sulphur  are  one  atom,  and  then 
finding  that  this  so-called  one  atom  is  equivalent  to  two  basic  radicals, 
he  caJls  it  bibasic.  The  question  at  issue  turns,  therefore,  upon  the 
mere  matter  of  &ct  whether  32  parts  of  sulphur  is  the  ''  smallest  pos- 
sible quantity  "  which  has  the  power  of  chemical  action.  To  dispose  of 
that  question,  I  shall  show  in  this  book  that  all  the  classes  of  salts  of 
which  sulphur  is  a  constituent  can  be  simply  and  effectively  represented 
by  formuke  in  which  S^  will  in  all  cases  signify  16,  and  not  32,  parts  of 
sulphur.     If  T  do  that,  it  will  show  that  the  assumption  of  32  is 
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iniproper,  and,  as  a  consequence,  that  this  fourth  argument  is  ^lacious. 
I  maj,  moreover,  point  out  the  remarkable  circumstance  that  the  com- 
poonds  that  are  commonly  called  sulphides  or  sulphurets,  all  contain 
one  atom  each  of  M  and  S,  where  M  signifies  one  metallic  radical  or 
(me  atom  of  a  hydrocarbon  radical,  and  S  equals  i6  parts  of  sulphur. 
The  consequence  of  this  relationship  is,  that  when  M.  Gerhardt  treats 
of  these  compounds,  instead  of  using  the  simple  formula  MS,  he  is 

farced  to  use  the  bibasic  £>rmula  S  <  |^ ;  that  is  to  say,  he  is  forced  to 

make  the  sulphides  all  double,  because  he  has  doubled  the  atom  of 
salphur.  See  his  account  of  the  sulphprets,  Traiti  de  Chirm  Organique^ 
torn.  iv.  p.  700. 

Fifth  and  fined  argument, — This  argoment  is  founded  on  the  reaction 
of  nitric  and  sulphuric  acids  with  benzoic  add — reactions  resulting  in 
the  production  of  nitrobenzoic  add  and  sulphobenzoic  add.  I  have 
discoseed  this  subject  under  the  heads  of  sulphic  vice-radicals  and  con- 
jngated  adds,  to  which  sections  I  must  ask  the  reader  to  refer  for  intimate 
d^ails.  In  this  place  I  will  briefly  quote  the  results.  Benzyl  and 
nitiogen  produce  a  deputy  or  vice-radical,  in  which  the  primary  radical 
benzyl  exchanges  an  atom  of  hydrogen  for  an  atom  of  nitrogen,  and  this 
altered  radical  produces  a  salt,  or,  if  you  please  to  call  it  so,  an  add,  of 
this  form: — 

H,C?H*ZO'  S5  Nitrobenzoic  add, 

which  shows  one  replaceable  atom  of  basic  hydrogen.  Benzyl  and  sul- 
phur also  produce  a  vice-radical,  in  which  benzyl  exchanges  an  atom  of 
hydrogen  for  an  atom  of  sulphur,  and  this  vice-radical  produces  a  double 
salt,  or  double  add,  of  the  form — 

H,Cm*SO»  +  R,SCf  =  Sulphobaizoic  add, 

'wb&re  there  are  two  replaceable  atoms  of  basic  hydrogen. 

The  main  &cts  to  be  observed  here  are,  that  nitric  acid,  which  rarely 
Ibnns  double  salts,  true  to  its  ordinary  character,  forms  no  double  salt 
with  nitrobenzoic  add ;  whereas  sulphuric  add,  which  has  an  extraor- 
dinary tendency  to  produce  double  salts,  particularly  in  combination 
with  organic  radicals,  true  to  its  ordinary  character,  forms  a  double  salt 
with  the  sulphobenzoic  acid.  The  nitrobenzoic  add  is  monobasic, 
because  it  contains  one  add  radical.  The  sulphobenzoic  add  is  bibasic, 
because  it  contains  two  add  radicals,  namely,  sulphic  benzyl  and  normal 
mlphnr.  But  M.  Gerhardt  insists  upon  it  that  sulphobenzoic  add  is 
bilNBic,  because  it  contains  one  acid  radkxdy  the  one  add  radical  contain- 
ing, according  to  him,  one  atom  of  sulphur,  that  one  atom  of  sulphur 
weighing  32,  and  the  salt  being  bibasic,  in  consequence  of  the  presence 
of  l£at  one  heavy  atom  of  sulphur.  But  M.  Gerhardt  goes  a  great  deal 
too  &st    His  argument  proves  nothing,  unless  you  admit  that  3a  parts 

l2 
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is  one  atom  of  sulphur.  This  is  the  grand  point  which  he  asmxmes  to 
be  true,  which,  however,  it  is  the  great  object  of  his  arguments  t%.  prove 
to  be  true,  and  to  do  which  they  all  signally  fail.  Yet  he  seems  to 
have  satisfied  himself  that  the  force  of  his  arguments  amounted  to 
demonstration. 

*'  Mr.  Graham,"  he  says,^  "  was  the  first  to  admit  the  ezisteixoe  of 
polybasic  adds  in  his  work  On  the  Modifications  of  Phosphoric  Acid, 
formulating  them  according  to  the  ancient  dualistic  theory.  A  Grennan 
chemist  [Liebig]  sought  to  apply  the  same  ideas  to  certain  organic 
acids;  but  this  chemist  depending,  like  his  predecessor,  only  on  the 
composition  of  the  salts,  was  unable  to  fix  preciselj  the  characters  of  the 
acids  endowed  with  different  d^ees  of  basicity.  I  consider  that  I  have 
better  defined  these  characters  by  resting  on  the  properties  of  correspond- 
ing volatile  bodies  (the  chlorides  and  compound  ethers).  The  law  of 
the  saturation  of  conjugated  acids  has,  above  all,  permitted  me  to  pat 
in  evidence  the  well-niacked  differences  which  exist  between  certain 
mineral  and  organic  adds  in  respect  of  their  basicity." 

I  have  gone  over  M.  Gerhardt's  arguments  in  detail,  because  he 
admits  that  **  the  whole  question  of  polybasic  adds ''  is  comprised  in 
those  aiguments.  The  arguments  appear,  however,  to  me,  to  be  emi- 
nently fiitile ;  and  unless  other  admirers  of  polybaac  acids  have  some- 
thing stronger  to  say,  I  fancy  that  modem  chemists  must  oontent 
themselves,  as  their  grand&thers  did,  witii  the  possession  of  monobasic 
adds. 

Let  us  next  listen  to  Professor  Williamson  ; — "  Chemists,**  he 
says,'  '*  have  long  been  aware  of  the  fact,  that  some  acids  unite  with 
bases  in  one  proportion  only,  others  in  two  or  more  proportions.  Thus 
a  given  quantity  of  nitric  add  forms,  with  what  is  termed  its  equivalent 
of  potash,  a  definite  nitrate  of  potash  ;  if  less  than  this  equivalent  quan- 
tity of  potash  were  added  to  the  nitric  add,  the  product  would  be  a 
mechanical  mixtore  of  the  same  nitrate  of  potash  with  uncombined 
nitric  acid;  if  more  l^an  the  equivalent  of  potash  were  added,  the 
excess  of  alkali  would  remain  uncombined.  Sulphuric  add,  on  the 
other  hand,  is  capable  of  forming  two  compounds  with  potash,  and  it 
depends  upon  the  proportions  in  which  the  two  substances  are  brought 
together,  whether  the  neutral  or  add  sulphate  is  formed. 

''  The  number  of  compounds  which  an  add  forms  with  one  base  is 
now  considered  as  indicating  its  atomic  weight.  The  wdghts  of  sul- 
phuric and  nitric  adds,  which  are  respectively  susceptible  of  neutralising 
the  same  quantity  of  potash,  are  termed  equivcilenty  but  these  are  by  no 
means  the  same  as  thdr  atomic  weights.     Sixty-three  parts  of  mtric 

'  Traits  de  Chimie  Oiganique,  torn.  iv.  p.  646. 
■  Proceedings  of  the  Koval  Sodety,  VII.  1 1 ;  and  Quarterly  Journal 
of  the  Chemical  Sodety  (1855),  VII.  180. 
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•dd  (nitrote  of  wat»)  contain  the  same  q 
five  [ibrtf-nine?]  parte  of  sulplinric  acid,  a 
by  potash  the  whole  of  dkis  bjdrc^en  i 
potasshmi ;  and  if  neither  of  the  adds  woi 
portku  with  potash,  their  atomic  weights 
equivalent  weights.  But  sulphoric  acid  e 
in  which  half  of  its  hydrogen  ia  replaced 
ranaining  in  the  compound,  whereaa  th 
■dd  dther  exchaiige  the  whole  or  none  of 

"  This  &ct  is  expressed  in  the  simplest 
mait  that  the  smallest  indivisible  particles 
atoms  of  hf  drt^n,  whilst  those  of  uil^c  i 
it  is,  tiiat  whe^as  the  equivalent  weights  c 
titles  which  cont^  the  same  amount  of 
we^ts  must  be  in  t^e  proportion  of  tv 
aae  of  nitric  add.  The  simplest  expresut 
haw;  empirically  NOT!,  we  shall  accon 
ailphnric  add  by  the  formula  SO*H". 
nnnmixi  phosphoric  acid,  being  tribasic,  ie 
fonnnla  PO*H'.  The  labours  of  Messrs.  '. 
cwtribnted  to  the  establishment  of  thef 
trmtrtttL" 

1  will  endeavoni  to  do  away  wit^  thii 
litlle  caaaoversiiw. 

I  bold  that  the  distinction  drawn  by  F 
the  eqmxiieni  and  the  atom  of  sulphuric 
Rons ;  tliat  the  emoUest  indivisible  parti< 
odI;  one  atom  of  hydrogen,  not  two  aton 

aon  for  an  atom  of  snlphoric  add  is  HSO 

add  i«  monobasic,  not  biba^c ;  and  that 
only  i6,  and  not  33.  These  opinions  a 
reaeoQs: — 

Every  atom  of  sulphuric  add  contains 
rtran  of  hydrogen.  These  atoms  are  perfec 
and  either  of  tiiem  can  be  replaced  by  oni 
eqiuvRleut,  of  another  radical.  The  arguii 
t^  quantity  of  hydrated  sulphuric  add, 
by  one  radiotl  and  t^  other  half  by  anot 
a  ft&uib  tuiphate,  is  a  good  ai^tunent  as 
oflwed,  as  Professor  Williamson  offers  ii 
enbracbg  the  whole  question,  it  is  a  fallac 
stated  tmly  of  a  part  of  a  thing  is  assume 
K^  of  a  thing ;  for  you  can  also  take  a  q 


rT"'-^'T''~ 


150 


THB  STTLPHATES. 


add  and  replace  its  hydrogen  by  one,  or  three,  or  four,  or  Bve^  or  six,  or 
seven,  or  eight  different  radicals,  and  procure  crystallised  sulphates  tJiat 
contain  all  or  any  number  of  these  radicals,  and  which,  therefore,  accord- 
ing to  Professor  Williamson's  aigument,  ought  to  be  called  monobasic, 
tribasic,  tetrabasic,  pentabasic,  hexabasic,  heptabasic,  and  octabesic 
sulphates. 

Let  us  look  at  the  evidence  that  shows,  from  experimental  grounds, 
what  is  the  constitution  of  the  sulphates. 

In  the  foUowing  Table  H  -=  i,  S  =  i5,  O  =  i6. 

Monobasic  Sulphates — ^formed  ftom  H,SO^. 

HSO*    .     .     .  Oil  of  vitriol. 
KSO»    .     .     .  Sulphate  of  potash, 

and  perhaps  nine-tenths  of  all  the  sulphates  that  are  known  to  exist. 

Bibasic  Sulphates — ^formed  from  H",S*0*. 


K,H ;  S«0*. 
K,G ;  S«0*. 


Mg,  Ale ;  SV)*. 
Na,Mn;  S«0*. 


K,Cr;      S"0*.\, 
Am,Fe;S^.r 


Tribasic  Stt/pAafes— -formed  from  IP,SHy. 

Fe,Fe,Fec;  S»0«. 
Ba,Ba,Ca;  S»0*. 
K,K,H ;       S^O*. 


Fe,Fe,H;      SX^.J 


Fe,Fec,Fec ;  ^Kf. 
Mg,Zn,Mn ;  S«0«.  • 


Tetrabasic  Sulphates — ^formed  from  H^,S^. 


Am,Am,Am,H;  S*(f,\ 
Ale,  Ale,  Alc,H ;  SSy. 
K,Fec,Fec,Fec ;  S*(/. 
Zn,Zn,Zn,H ;  S*0». 
K,Alc,  AlcAlc ;  SKf. 
Mg,Co,Co,Co ;  Sny. 
Am,Am,Zn,Fe;  S*(y. 
Am,Am,Mg,Cuc;  S^.. 
Am, Am,Cuc,Fe ;  SXf. 
K,K,CucFe ;  S^. 
Am, Am,Mg,Cuc ;  SKf". 
K,K,Mg,Cuc;        SX)». 


'» 


Zn,  Ale,  Ale,  Ale ; 
K,Crc,Crc,Crc ; 
Na,Crc,Crc,Crc ; 
Am,Crc,Crc,Crc ; 
Fe,Fe,Fe,H ; 
Fec,Fec,Fec,H  ; 
K,Cuc,Cuc,Cuc; 
K,K,Ni,Cuc ; 
Am,Am,Zn,Cuc; 
Am,  Am,Zn,Fe ; 
K,K,Co,Cuc ; 
K,K,Mn,Cuc  ; 


s*o». 
s^.J 

S*Cf. 


FenUAasic  Stdphates^formed  from  H^S*0^^ 
Cuc,Cuc,Cuc,Cuc,H;  SX)^» 


^  Laurent,  Chemical  Method,  pages  116-123. 

*  Vohl,  Liebig*8  Annalen  der  Chemie,  April^  1855. 
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Hexdbasic  Stdphates — formed  from  H*,SK)". 

K,K,K,Mg,Mn,Cuc;  S^O".  • 

[There  are  several  salts  agreeing  with  this  formula.] 

Heptabafic  Sidphates — formed  from  EF,S''0". 
K,K,K,K,K,H,H ;  S^O".  * 

Odabasic  Sulphates— fGcmed  from  H*,S*0*«. 

K,K,K,K,Mg,Zn,Co,Cuc ; 

K,K,Alc,Alc,Alc,Crc,Crc,Crc ; 
Am,Am,Alc,Alc,Alc,Crc,Crc,Crc 

With  these  examples  before  us,  we  can  estimate  the  force  of  Pro- 
fessor Williamson's  argument.  He  pitches  upon  the  second  group  in  the 
above  Table,  and  he  says,  **  Here  we  have  a  quantity  of  sulphuric  acid 
which  we  may  call  two  equivalents,  because  it  contains  two  replaceable 
atoms  of  hydrogen ;  but  we  can  replace  half  of  its  hydrogen  by  potas- 
aitm,  the  other  half  remaining  in  the  compound.  We  thus  procure  a 
complete  crystallizable  sulphate— ond  sulphate— containing,  therefore, 
(m  atom  of  sulphuric  acid  and  one  atom  of  sulphur,  but  having  two 
bases,  being  consequently  bibasic,  and  agreeing  with  the  formula 
SO*ff." 

Change  the  ground  a  little,  and  apply  this  argument  to  the  octabasic 
sulphate.  '*  We  have  here,"  we  may  say,  *'  a  quantity  of  sulphuric 
ac^  which  represents  eight  equivalents,  because  it  contains  eight  re- 
placeable atoms  of  hydrogen.  We  replace  these  atoms  of  hydrc^n  by 
eight  atoms  of  different  metals,  and  we  produce  a  complete  neutral  ciys- 
tiSUiaable  salt,  whose  composition  is  stated  in  the  simplest  possible 
numner  by  the  fonnula 

K,K,K,K,Mg,Zn,Co,Cuc;  S«0*«; 

whence  it  follows,  that  this  is  one  sulphate— on«  atom  of  a  sulphate-^ 
containing  one  atom  of  sulphuric  acid,  and  therefore  one  atom  of  sul- 
phur ;  and,  consequently,  sulphuric  add  is  proved  to  be  octabasic,  and 
the  atom  of  sulphur  is  proved  to  weigh  128  (  =  16  X  8)." 

This  argument  applies  equally  well  to  every  one  of  the  eight  groups 
of  sulphates  arran^^  in  the  above  table,  and  consequently  proves  so 
much,  that  it  proves  nothing  at  all.  It  would  be  absurd  to  admit 
that  an  add  is  proved  to  be  hibasic  by  an  argument  which  is  equally 
powerful  in  proving  it  to  be  octabasic,  heptabasic,  pentabasic,  tri- 
basic,  &C.,  &C.,  &c 

■■  ^  ™  —^^^^^^M^^  ^^M^^^^B^^^M^^^.^— ^^^^i^^^^^^^^^^^^p^a^l^fc^W^— ^^^^^^^^^^^^^^i^^W^^^M^fc^W^^i— ^^^^^^^^^^^M^^^^^^^^M^^^ 

'  See  p.  1 50.  ■  Ibid. 
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I  proceed,  however,  to  adduce  the  experimentai  evidence  hj  means  of 
which  Professor  Williamson  attempts  to  establish  his  theoiy.  I  quote 
from  the  journal  previously  referred  to : — 

"  In  some  papers  published  in  the  Journal  of  the  Chemical  Society 
two  or  three  years  ago,  I  endeavoured  to  show  that  the  constitution  of 
salts  may  be  reduced  to  the  type  of  water ;  that  adds  and  bases,  being 
truly  acid  salts  and  basic  salts,  are  perfectly  conformable  to  the  same 
principle ;  and  that,  amongst  other  things,  the  difference  between  mono- 
basic and  bibasic  adds,  &c.,  achnits  of  a  simple  and  easy  explanation  by- 
it.  The  leading  propositions  in  those  papers  have  been  adopted  by 
several  eminent  chemists  in  this  country  and  in  France;  and  M.  Crer- 
hardt  speedily  enriched  science  with  a  series  of  brilliant  and  strikiiig 
illustrations  of  their  truth.  As  r^ards  the  constitution  of  bibasic  acids^ 
M.  Gerhardt's  results  were,  however,  at  variance  with  that  theory ;  and 
he  was  led  to  represent  them  by  fbrmulie  equally  inconsistent  with  his 
own  previous  views  on  the  subject.  I  believe  that  this  discrepancy  is 
satis&ctorily  removed  by  the  fids  I  have  the  honour  of  submittiDg  to 
the  consideration  of  the  Sodety. 

^*  An  atom  of  nitric  add,  being  eminently  monobasic,  is,  as  we  have 

already  shown,  represented  in  the  monobasic  type  water  rfi  by  the  for- 
mula ^    jj     »  ^^  which  peroxide  of  nitrc^en  (NO*)  replaces  one  atom 

of  hydrogen.  In  like  manner,  hydrate  of  potash  (  ^O  )  \s  obtained  by 
replacing  one  atom  of  hydrogen  in  the  type  by  its  equivalent  of  po- 
tassium ;  and  nitrate  of  potash  (      AO  )  by  a  simultaneous  substitution 

of  one  atom  of  hydrogen  by  protoxide  of  nitrogen  and  the  other  by 
potassium. 

"  Sulphuric  add  is  formed  fiom  two  atoms  of — 

H 

water  tt    ;   one  of  hydrogen  from  each  is  removed,  and  the  two  re- 

go 

placed  by  the  indivisible  radical  SO*.     The  series — 
Salpfaaric  Add.  Add  Sulphate  of  Potash.  Neutral  Sulphate  of  Potash. 

Ho  Ho  Ko 

SO"  SO"  SO" 

ho  kO  ko 

explains  itself. 

"Chemists  have  long  known  how  to  remove  the  basylous  con- 
stituents H,  K,  &c.  of  these  salts,  and  to  replace  them  by  others ;  but 
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J J  Qiat  tbej  hare  leant  to  remove  die  cbkHtms  radicala 

SO*,  NO*,  &C.  in  a  Bimilar  manDer.  To  obtain  the  chloride  of  potasHum 
faim  ita  Bolphate,  it  is  sufficient  to  bring  tiie  latter  into  liquid  contact 
Kith  cbkHida  of  barium ;  but  tiie  same  reagent  would  be  powerless  for 
tbe  preparation  of  the  chlorides  of  the  radicals  SO*  or  NO". 

*'  M.  Cahonis  has  shown  oB  a  reagent  (the  peutachloride  of  phoe- 
pJicns^  which  is  capable  of  fanning  fkan  a  great  nmnber  of  monobasic 
>ads  tKe  chlorides  of  the  add  radicals.  Whilst  extending  our  know- 
ledge of  the  actioa  of  the  body  on  monobasic  and  organic  acids,  and  pre- 
nring  numerous  ccanpoonds  of  thdr  radicals  with  one  atom  of  chlorine, 
If.  Ge'haidt  examined  also  the  nature  of  its  acticHi  npwi  bibosic  acids 
■od  their  oranpoands;  and  states  that  it  oonaisls  of  two  successive 
phans — first,  the  liberation  of  the  anhydroQa  add ;  secondly,  the  sab- 
Sinitian  of  two  atoms  tX  chlorine  for  cme  of  oxygen  in  that  anhydrous 
•mL  These  focta,  if  conect,  would  be  au&voarBble  to  the  above  view 
of  the  coostitntion  of  sulphuric  and  odier  bibasic  adds ;  and  Sf .  Qfx- 
hndt  adopted  accordingly  tbu  old  formuls,  representing  in  their  oom- 
pcaition  an  atom  of  water  ready-formed,  SO*HH>. 

"  Confining  mj  remai^  for  the  present  to  the  case  of  sulphuric  add, 
wbtne  deoompositifxi  is  doubtless  typical  of  that  of  other  bibasic  adds,  I 
aof  state  as  the  result  of  numerous  experiroents  with  the  meet  varied 
proportioiifi  of  pentachloride  and  add,  performed  on  a  scale  of  consido'- 
able  magnitude,  that  the  first  action  of  the  pentachloride  consists  in  re- 
ooving  one  abxn  of  hydrc^n  and  one  of  oxygen  (empinc&lly,  peroxide 
nf  hydrogen)  from  the  aoA,  putting  in  an  atcon  of  chlorine  in  their 

place,  and  fonning  the  compound  SO*  ,  which  is  sbictly  intermediate 

a 

IctweoQ  the  hydisted  odd  and  the  final  product  SO*CI*  formed  by  a 
repetition  of  the  same  process  of  substitutjon  of  chlorine  for  pero^de 
tf  kydrogen.  The  existence  and  fonnation  of  this  body,  which  we  may 
all  chloro-hydrat«d  salphoric  add,  fiimishes  the  most  direct  evidence 
d  the  truth  of  the  notion,  that  the  bibasic  character  of  sulphuric  acid 
i>  owing  to  the  &ct  of  one  atom  of  its  radical  SO*  replacing  or  (to  use 
the  costomaiy  expression)  being  equivalent  to  two  atoms  of  hydrogen. 
Hid  this  radical  been  divisible  like  an  equivalent  quantity  of  a  mono- 
tec  add,  we  should  have  obtained  a  miai^ure,  not  a  compound,  of  the 
dikride  with  the  hydrate — or,  at  least,  the  products  of  decomposition 
of  tint  mixture. 

"  Chloro-hydrsted  sulphuric  acid  boils  at  145°  cent,  distilling  with- 
•nl  decompodtion.  The  intensity  of  its  action  upon  water  varies  ac- 
uditg  to  the  manner  in  whit^  the  two  bodies  are  brought  together. 
Wben  poured  rapidly  into  a  large  quantity  of  cold  water,  a  portion  of 
it  mb  to  tile  bottom,  and  only  gradually  dissolves  as  a  mixture  of  hy- 
dnx^iloric  and  Bnlphnric  adds.   When  a  small  qnanti^  of  water  is  added 
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to  the  compound,  the  same  decomposition  takes  place  with  explosive 
violence.  The  acid  dissolves  chloride  of  sodimn  on  the  application  of  a 
gentle  heat,  with  evolution  of  hydrochloric  acid,  giving  rise  to  a  com- 

Na 
pound  of  the  formula  S0*0." 

a 

I  have  quoted  Professor  Williamson's  entire  argument,  because  I  agree 
with  him,  that  sulphuric  acid  is  typical  of  other  bibasic  acids,  so  that  if 
he  M\s  to  establish  the  bibasic  nature  of  sulphuric  acid,  the  failure 
extends  to  bibasic  acids  in  general.  My  conviction  is,  that  his  fiuilure  in 
this  point  is  complete. 

Throughout  his  argument.  Professor  Williamson  assumes,  but  never 
proveSy  that  the  atom  of  sulphur  weighs  32  and  not  16.  If  you  admit 
this  assumption  as  a  truth,  you  virtually  admit  that  the  smallest  poasible 
quantity  of  sulphuric  acid,  being  that  which  contains  one  atom  of  sul- 
phur, and  therefore  that  which  contains  32  parts  of  sulphur,  is  con- 
sequently that  which  contains  the  equivalent  of  two  atoms  of  hydrogra. 
The  admission,  then,  that  the  atomic  weight  of  sulphur  is  32,  is  prac- 
tically the  admission  that  sulphuric  acid  is  bibasic.  This,  however,  is 
the  entire  qu^tion.  I  ask,  therefore,  that  Dr.  Williamson  should  prove 
this  point,  and  not  assume  it  to  be  true  without  proof ;  as  he  has  done  in 
the  Paper  from  which  I  quote. 

I  shall  now  show  that  his  facts  all  agree  with  the  notion,  that  the 
atom  of  sulphur  weighs  16,  and  that  sulphuric  acid  is  monobasic. 

First  action  of  the  pentachloride,  A  quantity  of  hydrated  sulphuric 
add  which  contains  IP,  gives  off  HO  and  takes  up  CL  My  interpretar 
tion  of  the  experiment  is  as  follows : — 


HSC   .   p,      CISO    .   „^ 
HSO«  +  ^*  -  HSO*  "^ 


Namely,  one  atom  of  monobasic  hydrated  sulphuric  acid  =  HSO^  or 
HO,SO,  is  converted  into  CISO,  which  combines  with  another  atom 
of  monobasic  hydrated  sulphuric  acid,  and  produces  the  double  salt 
dSO+HSO",  or  H,a ;  S*0*.  This  salt  has  a  constitution  exactly  similar 
to  that  of  a  bisulphite,  and  it  is  monobasic,  that  is  to  say,  it  has  one 
replaceable  atom  of  hydrogen,  which,  as  Dr.  Williamson  has  proved,  can 
be  replaced  by  sodium,  so  as  to  produce  a  neutral  salt,  representable  by 
the  fonnula  Na,Cl ;  S«0»,  or  CISO  +  NaSO".  When  treated  with 
water,  the  double  salt  CISO  -f-  HSO*  produces  hydrochloric  and  sul- 
phuric adds.     Thus : — 

H,HO  +  a,SO  +  HSO"  =  Ha  +  HSO^  +  HSO«. 

F^ncU  product  of  t?ie  action  of  the  pentachloride.    All  the  sulphuric 
add  is  converted  into  CISO ;  namely — 


•f*mv-ymiPm 
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HO,SO  +  CI  =  HO  +  CISO. 
HO,SO  4-  CI  =  HO  +  GSO. 


Dr.  Williamson  writes  this  final  product  SO^CP,  but  that  is  merely  be- 
cause he  doubles  the  atomic  weight  of  solphm' ;  otherwise,  he  must  write 
it  S'O'CP  ==  SOCl.  This  compound  is  the  chlorosulphuric  acid  referred 
to  at  pages  56  and  102  of  this  work,  as  a  gas  having  the  atomic  mea- 
sare  of  one  volume.  Dr.  WilHamson  shows  us  that  it  has  the  faculty 
of  combining  with  hjdrated  sulphuric  add,  and  Professor  Rose  had  pre- 
Tioaslj  shown  that  it  combines  also  with  anhydrous  sulphuric  acid.   See 

M.  Gerhardt's  experiment,  if  it  is  correct,  which  Dr.  Williamson 
869118  to  deny,  may  also  be  explained,  as  indeed  he  admits,  on  the 
notion  that  sulphuric  add  is  monobasic.  Two  atoms  of  the  hydrated 
solphnric  add  yield  one  atom  of  water  and  one  of  anhydrous  sulphuric 
add: — 

HO,SO  +  HO,SO  =  H,HO  +  S,SOOO. 

If  we  substitute,  in  this  last  product,  two  atoms  of  chlorine  for  one  atom 
of  oxygen,  we  have  SSOCIOO,  which,  being  divisible  by  two,  yields 

sao  or  aso. 

Here  we  have  all  the  transformations  that  occur  in  the  dted  experi- 
ments— all  the  tangible  &cts— duly  accounted  for  on  the  supposition 
that  S  weighs  16,  and  that  sulphuric  add  is  monobasic;  and  these 
lesolts  are  expressed  in  formuls  and  equations  that  are  of  extreme  sim- 
plicity. Why  are  we  to  renounce  an  easy  and  satisfactory  system,  and 
jnmp,  without  necessity  and  without  a  shadow  of  proof,  to  the  various 
ooDdnsions,  that  the  atom  of  sulphur  weighs  3  a ;  that  an  atom  is  equal 
to  two  equivalents ;  that  sulphuric  add  is  bibasic ;  that  its  smallest  indi- 
Tisible  partide  contains  two  atoms  of  hydipgai ;  that  it  is  formed  from 
two  atoms  of  water ;  that  all  bibasic  adds  are  formed  from  two  atoms  of 
water;  and  that  on  the  model  of  one,  or  two,  or  more  atoms  of  water, 
aD  salts  whatever  are  formed  ?  For  my  part,  I  oppose  these  oondusions 
with  a  very  dedded  negative. 

I  do  not  know  whether  Professor  Williamson  attributes  any  logical 
fcroe  to  the  positions  given  to  the  symbols  in  the  scattered  formulae  by 
which  the  constitution  of  the  so-called  bibasic  sulphates  on  the  model  of 
water  are  depicted.  With  what  relative  d^prees  of  intensity  are  the 
respective  members  of  the  following  compounds  combined  with  one 
another? 

go  ^O 

S       and      S0« 
i^  H^ 

If,  in  the  smgle  atom  of  water,  O  is  combined  with  eqiud  iniensiit/  to 
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each  of  the  two  atoms  of  H,  then  SO*  which  replaces  H  4-  H,  must 
possess  the  same  combining  force  as  H  +  H  do  collectivelj.  Bat  in 
that  case  S  first  of  all  monopolises  O*  entirely,  and  then  takes  np  half  of 
each  of  the  other  two  atoms  of  O.  So  that,  in  &iCty  in  an  atom  of  hy- 
drated  bibasic  sulphuric  add,  S*  exercises  a  combining  power  over  75 
per  cent  of  the  oxygen,  and  the  remaining  HH,  a  combining  power 
over  25  per  cent.  I  am  at  a  loss  to  perceive  in  what  respect  this  final 
result  difib*s  firom  the  old  theory,  that  hydrated  sulphuric  acid  consists 
of  anhydrous  add  =  SC  plus  water  =  EPO.  We  have  merdy  the  old 
system  of  acids  and  bases  reproduced  in  another  form.  An  old  friend  is 
presented  to  us  with  a  new  &ce.  There  appears  to  be  no  practical  ad- 
vantage obtainable  by  departing  from  the  old  symbols,  if  we  are  to  retain 
the  old  ideas.  On  the  radical  theory,  the  notion  that  the  oxygen  of  a 
sulphate  is  divided  between  the  basic  radical  and  the  acid  radi(^  in  the 
unequal  proportions  of  75  to  25,  is  repudiated.  Without  that  repudia- 
tion, distinctly  agreed  to,  we  had  better  retain  the  old  formula. 

Nomenclature  of  the  Suij^hatbs. 

Proposed  Names. 

Hydrated  sulphuric  add        H,SO*  Hydra  sulphete. 

[Anhydrous  sulphuric  add     S,SO'  Sulpha  sulphite.] 

Sulphate  of  potash  K,SO'  Potassa  sulphete. 

Protosulphate  of  iron  Fe,SO"  Ferrous  sulphete. 

Persulphate  of  iron  rec,SO*  Ferric  sulphete. 

Bisulphate  of  potash       K,H;  SH>  Potassa  hydra  sulphenote. 

„  „         or  K,H;  2S0"  Potassa  hydra  bisulphete. 

A  tribasic  sulphate      Ba",H;  3  SO*  Baryten  hydra  trisulphete. 

It  is  immaterial  whether  the  double  sulphates  (bisulphates)  are  called 
sulphenote  or  bisulphete,  but  all  sulphates  of  a  more  complex  oonstitu- 
tion  will  be  most  oonvenientiy  named  if  called  ^'-sulphete,  tetra-^  penta-^ 
bexa-f  heptor-y  or  octo-sulphete ;  the  bases  being  pArticularised  in  the 
commencement  of  the  name.  It  is  evident,  however,  that  systematic 
names  for  such  complex  compounds  as  octasulphates  will  never  come 
into  use.  If  ever  any  salt  of  this  description  should  come  to  be  of  im- 
portance in  the  arts,  it  will  immediately  acquire  a  trivial  name,  just  as 
the  tetrasulphate  of  potash  and  alumina  is  at  present  commonly  desig- 
nated by  the  short  word  alum. 

The  Polythionic  Acids.     The  Many-Sulphtired  Acids. 

The  term  pdi/thiamc  acids  has  been  applied  to  a  series  of  oxidised  adds 
of  sulphur  which  are  said  to  be  distinguished  by  the  property  of  contain- 
ing more  than  one  atom  of  sulphur.    They  are  as  follows : — 
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The  Akhydbous  Acids.  The  Metaluc  Salts. 

AS  ofwMch  are  hypothetical.      AU  considered  to  be  monobasic, 

Pentathionic  acid         S*0*         Pentathionate     MO,S*0» 
Tetrathionic  acid  S*0»         TetrathioDate      MO,S*0* 

Trithionic  acid  S»0*         Trithionate         MO,SK)* 

S.^SS"''}^         Hyposulphat.     MO.S^ 

ShS£"^r  "^i  ^*^         Hypoaulphite     MO.SW 

The  valne  of  the  symbols  in  the  above  Table  is  S  =  i6,  O  =  8.  If 
I  raise  O  to  1 6,  and  write  synoptical  formnlaB  of  the  salts  in  accordance 
with  the  radical  theory,  they  come  out  as  follows : — 

Pentathionate  =  M.S^O* 

Tetrathionate  =  M.S'C 

Trithionate  =  M,S»0» 

Hyposulphate  =-  M,SK)» 

Hyposulphite  =  W,S^ 

I  am  obliged  to  double  the  formula  of  the  hyposulphite,  because  the 
three  atoms  of  oxygen  cannot,  like  the  six  atoms  in  the  other  examples, 
be  divided  by  2. 

This  Table  includes  all  the  commonly-received  oxidised  salts  of  sul- 
phur, except  the  sulphates  and  the  sulphites.  These  two  are  excluded 
OQ  the  ground  that  they  both  contain  only  one  atom  of  sulphur.  That 
reison  is  valid  for  the  sulphates,  but  not  for  the  sulphites.  The  follow- 
ing is  the  formula  by  which  a  sulphite  is  usually  represented : — 

MO,SO",  where  0  =  8. 

Performing  the  same  operation  upon  this  salt  as  upon  the  hyposul- 
phite, namely,  doubling  the  atoms,  making  O  s  i6,  and  throwing  the 
symbols  into  a  synoptical  formula,  the  sulphite  becomes  M',S'0'.  Thi2> 
formnla,  added  to  those  in  the  above  Table,  completes  the  series  of  the 
analled  Poltthionates. 

I  have,  in  the  course  of  this  £ssay,  pointed  it  out  as  being  generally 
a  fiict,  and  I  have  laid  much  stress  upon  that  £ict  as  an  important 
element  in  the  radical  theory,  that  every  salt  contains  two  radicals,  and 
only  two ;  one  positive  radical  and  one  n^ative  radical ;  that  this  is  true 
whether  the  salt  contains  oxygen  or  no  oxygen ;  and  that  deviations 
from  this  g^eral  &ct  only  occur  when  a  salt  (already  containing  two 
ndicals)  combines  with  another  positive  radical,  as  in  the  case  of  the 
carbonates  =  MO,CO  +  MO,  or  with  another  native  radical,  as  in 
the  case  of  the  hyposulpbates  =  MO,SO  -f-  SO,  to  form  bibasic  or  biacid 
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salts  of  a  peculiar  and  very  definite  character.    See  page  27,  doable 
salts,  Classes  5  and  6. 

But,  as  if  in  contradiction  to  these  &cts,  or,  if  you  prefer  the  ex- 
pression, to  these  opimons^  we  have  in  the  formulaB  that  profess  to  show 
the  composition  of  the  polythionates,  a  statement  that  one  basic  radical 
can  combine,  not  only  with  one  atom  of  sulphur,  but  with  two,  three, 
four,  or  five  atoms.  The  question  which  arises  upon  that  statement  is 
this :  Are  we  to  consider  these  multiples  of  sulphur,  S',  S',  S\  S*,  as 
being  each  a  single  negative  radical,  or  are  we  to  explain  the  composition 
of  the  polythionates  in  some  manner  that  is  more  in  accordance  with  the 
leading  doctrines  of  the  radical  theoiy?  Is  it  possible  to  show  tibat 
these  pol3rthionates  consist  of  simple  sulphur  salts  formed  by  single 
radicals  ?  My  reply  to  those  questions  is,  that  the  multiples  of  sulphur, 
S',  S*,  S^,  S^,  act  in  no  case  as  single  negative  radicals ;  that  the  above- 
framed  synoptical  formula  give  erroneous  notions  of  the  proximate  con- 
stitution of  the  salts  under  consideration;  and  that  it  is  possible  to 
adduce  facts  to  prove  that  sulphur  acts  like  all  other  native  radicals, 
and  produces  salts  with  positive  radicals,  by  combining  therewith  atom 
to  atom.  With  these  subjects  for  consideration  before  us,  the  reader  will 
accompany  me,  with  as  much  patience  as  possible,  in  the  examination  of 
a  variety  of  instances  and  arguments  upon  which  these  theories  turn. 
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According  to  Wackenroder,'  **  five  atoms  of  sulphurous  add  and  five 
atoms  of  hydrosulphuric  acid,  react  upon  one  another  in  such  a  manner 
as  to  form  one  atom  of  pentathionic  acid,  five  atoms  of  water,  and  five 
atoms  of  sulphur,  which  separate  in  the  solid  state :  580*  -f-  5HS  = 
SHD*  +  5HO  +  58.*' 

The  acid  thus  produced  can  be  concentrated  over  a  water-bath  till  it 
obtams  the  spec.  grav.  of  13,  and  in  vacuo  the  spec.  grav.  of  i'6o,  but 
it  cannot  be  deprived  of  water,  and  its  composition  at  the  concentration 
of  I  '5  is  about  one  atom  of  S'O*  to  nine  atoms  of  IPO. 

Upon  the  radical  theory,  I  account  for  this  reaction  as  follows : 

SO  +  HS  =  HSO  +  S. 

This  simple  view  of  the  reaction  accounts  for  all  the  facts,  and  is,  I 
think,  the  true  one.  The  compound  HSO  is  the  simplest  form  of  tlie 
series  of  oxidised  sulphur  salts,  and  it  bears  to  the  sulphates  the  same 
relation  that  aldehyde  bears  to  the  acetates.  In  short,  to  borrow  a 
phrase  from  oiganic  chemistry,  it  is  the  ALDI^E  of  the  sulphur  series,  and 
this  relation  holds  true  even  to  the  double  salts  of  the  two  radicals  that 

*  Gmelin's  Handbook  of  Chemistry,  II.  163. 
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llie  c(xnbination  of  the  aldehydes  with  the  hjrdrated 
iire^xinding  salts  with  metallic  radicals : — 

Acetic  Stria.      Solpharic  Sraio. 
Aldehyde     M.CWO  M,SO 

Add  M,CH\>'  M.SO" 


Aldehydate  M',(CH')*0» 
Sulphite  M»,S'0". 

d  of  prodoong  a  pentathionate  is  by  the  action  of 
tqaeoas  aoIatioQ  of  sa][^nixins  add  on  dichloride  (snbchloride)  of  snl- 
duff  CIS".     Tbm  :— 

CIS*  +  SO  +  1    _    J  HQ 
HHO.HHO      f    ~    \  3HSO 

A  peotathionate  caD  also  be  |xodnced  by  the  action  of  chloride  of  buI- 
phnr  CIS  upon  water,   the  presence  of  snlphorons  acid  not  bdng 

as  +  HHO  =  Ha  +  HSO. 

According  to  Kessler,'  Penoz  obtuned  pentathionic  acid  by  decom- 
pxiag  hypoeotphite  of  lead  with  hydrosulpburic  add. 
Ein.AirATio>r : — 
SQf^neiDg  the  hyposulphite  Sopposing  the  hypoenlphite 

to  be  hydrated.  to  be  anhydroos. 

PbHS*0»l    _   (PbS  Pb-S-O"!         (aPbS 

+  HS  f   "   taHSO  EPS"      }  =  JaHSO 

HHO    )         [ 

Tbe  hydrated  pcDtathionic  add  produced  by  these  difleient  reactions 
ii  sufficiently  erplained  by  the  formala  HSO,  which,  in  the  nomenda- 
tore  proposed  in  this  work,  would  be  called  Hyd&a  bclphatb.  This 
ccmpoaal,  yon  will  obeerre,  can  actnally  be  obtained  in  the  state  of  a 
onceutiated  solution,  of  the  spedfic  gravity  of  i  '£.  Bnt  chemists,  in 
dioi  wouderfiil  love  for  what  is  occolt,  ituely  scrapie  to  sacrifice  the 
bown  and  the  simple,  to  fevonr  the  unknown  and  the  complex.  They 
ignore  this  hydrated  add,  which  has  been  procured  experimentally,  which 

—itiybody  can  make,  and  which  has  this  simple  fonnola,  and  they  ionst 

'iqnn  rect^imsing  an  imaginary  anhydrous  pentathionic  add,  which  is 
Mid  to  agree  with  the  formula  S'O',  bnt  which  they  have  never  seen, 

...wbicL  nobody  can  make,  and  of  which  they  probably  will  never  have 

:    the  least  knowledge. 

The  pentathionic  add,  or,  as  I  may  perhaps  be  allowed  the  liber^ 

'  hJelag  and  Kopp's  Annual  Beport  (1847-8),  I.  387. 
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of  calling  it,  Htdri.  sulphate,  is  a  very  anstable  oompGnnd,  nd  to  lUs 
circumstaooe  must  be  attributed  the  fiict  of  its  not  bavii^  feroed  dbe- 
mists  to  give  greater  attentioD  to  it.  A  substance  that  comes  freqpoidj 
before  us  might  be  supposed  to  be  able  to  command  oar  notice ;  bat 
when  it  has  the  property  of  disappearing  as  soon  as  its  pcesnce  is 
announced,  it  goes  not  only  out  of  sight  but  out  of  mind.  Thus  it  is 
with  hydra  sulphate,  the  decomposition  of  which  fellows  so  doeely  npon 
its  formation,  that  we  have  no  time  to  make  a  satisfactory  acquaintaooe 
wi£h  it 

In  consequence  oi  the  instability  of  this  add,  it  is  impossible  to  con- 
vert HSO  into  MSO.  When  we  attempt  to  do  so,  by  addii^,  ibr 
example,  KHO  to  HSO,  instead  of  producing,  by  double  deaHnpoaitioD, 
the  products  ESQ  and  HHO,  we  decompose  HSO,  drive  off  more  or 
less  of  its  sulphur,  and  give  rise  to  the  so-called  tetrathloDates,  td- 
thionates,  and  other  varieties  of  sulphur  salts  which  we  have  pres^ttly 
to  examine.  But  the  add  which  is  so  unstable  when  alone  beooooes 
stable  when  brought  into  combination,  and  we  are  consequently  enabled 
to  procure,  by  indirect  means,  a  variety  of  salts  in  which  MSO  and 
HSO  occur,  not  only  in  combination  mm  one  another,  but  with  oth^ 
sulphur  salts  in  great  variety  and  in  greatly-varying  pioportioos. 

The  Anhydrous  Acid  S,SO  corresponding  to  the  ffydrated  Add  H,SO. 

I  have,  at  page  119,  explained  the  relation  that  exists  between  the 
hydrated  and  the  anhydrous  sulphuric  adds.  I  have  shown  that  these 
are  both  to  be  considered  as  normal  salts,  and  that  the  latter  is  produced 
by  the  decomposition  of  two  atoms  of  the  former : — 

HSO"  +  HSO"  =  HHO  +  S,SO». 

Precisely  the  same  relationship  exists  between  the  acid  HSO  and  the 
anhydride  S,SO ;  for 

HSO  4-  HSO  =  HHO  +  S,SO. 

This  compound,  which  I  may  call  Sulpha  sulphate,  is  of  great  im- 
portance for  the  elucidation  of  the  salts  of  the  polythionic  adds,  but  it  is 
unknown  in  the  free  state,  and  we  can  only  infer  its  existence  from  the 
composition  and  the  properties  of  the  salts  of  which  it  is  a  oompooent 
But  supposing  that  we  coald  isolate  it,  we  should  have  a  salt  on  the 
model  of  water,  in  which  S  would  be  an  unoxidised  positive  radical*  and 
SO  an  oxidised  negative  radical,  together  s  S,SO. 

The  Hjrposulphites. 

The  formula  commonly  given  to  the  hyposulphites  is  KOfS'O',  where 
0  =  8.     If  we  double  this  formula  to  raise  O  to  16,  and  at  the  same 
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time  transpose  the  oxygen,  we  have  the  formula  K^*Cf.  But  this  for- 
mula does  not  describe  the  greater  part  of  the  hyposulphites.  Most  of 
them  contain  H^  in  addition  to  what  is  expressed  in  the  above  formula ; 
and  Rose  and  other  chemists  have  expressed  a  doubt  whether  it  is  pos- 
siUe  for  hyposulphites,  free  from  water,  to  exist  It  is,  however,  a 
question  whether  the  hydrogen  which  is  found  in  these  salts  exists 
tiiae  in  the  state  of  water.  The  quantity  of  it  is  always  peculiar.  It 
rarely  agrees  with  the  quantity  of  water  of  crystallisation  which  is  com- 
monly found  with  salts  of  different  bases,  but  bears  a  specific  relation  to 
the  quantity  of  sulphur  which  is  present  in  each  hyposulphite. 

If  we  add  together  the  above  two  formulae  (K*S*0*-  and  HHO),  we 
have  KWS^,  or,  reduced  to  its  simplest  form,  KHS"0*.  This  com- 
pound  seems  to  be  equivalent  to  an  acid  salt  agreeing  with  the  formula 
ESQ  +  HSO,  namely,  a  double  or  acid  salt  of  the  pentathionic  add. 
Bat  if  the  hyposulphites  were  thus  constituted,  we  might  reascnahly 
expect  to  find  neutral  salts  of  the  formula  KSO.  Yet  these  salts  only 
occur  in  cases  where  the  basic  radical  is  a  metalloid  or  a  negative  hydro- 
caibon;  such  as 

Chlorosulphtiric  add  =  GSO         =  Chlora  sulphate. 

Sulphobenzide  =  C*  H*,SO  =  Phenyla  sulphate. 

Sulphonaphthaline  «  C*^IF,SO  »  Naphtyla  sulphate. 

Sulphide  of  benzoyle  =  0^  H*,SO  =  Benzyla  sulphate. 

Sulphide  of  acetyl  s  C  H',SO  =  Acetyla  sulphate. 

We  find  no  metallic  salts  of  this  formula,  but  we  find  an  abundance 
both  of  organic  and  inorganic  salts  of  the  formula  KHSHD",  not  only 
simple  but  double,  and  even  of  more  complex  varieties.  There  are  also 
plenty  of  anhydrous  hyposulphites  of  the  form  K'SX)',  and  many  com- 
pounds which  appear  to  be  constituted  of  these  two  fomis  of  the  salt, 
combined  with  one  another  in  various  proportions. 

It  is  commonly  said,  that  no  such  compound  is  known  as  hypo^, 
snlphuioas  add,  either  anhydrous  or  hydrated ;  but  here,  I  think,  we  can 
derive  some  benefit  from  our  investigation  of  the  so-called  pentathionic 
add.    Lee  us  gather  the  fects  together : — 

HSO  is  certainly  the  composition  of  the  hydrated  pentathionic 
acid. 

SSO  is  probably  its  corresponding  anhydride. 

MSO  is  the  neutral  salt  which  corresponds  to  the  add  HSO, 
and  which  has  been  procured  in  salts  where  M  is 
a  negative  radical,  but  not  where  M  is  a  positive 
radiod. 
Then,  KSO  +  HSO  =  KH,S«0"  is  the  double  salt,  or  add  salt,  of 
the  series ;  and  this  is  the  composition  of  the  hydrated 
hyposulphites,  which  can  be  procured  in  great  variety. 
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If  we  join  together  two  atoms  of  hydrated  hyposolphite,  and  deprive 

the  compound  of  one  atom  of  water,  we  prodnoe  the 
anhydrous  hyposulphite,  which  also  occurs  pientifullj: 

KSO  +  HSO  )    (HO  )   j  KSO  +  S  I   ^^^^ 
KSO  +  HSO  (  "  t  H   f  -  \  KSO  +  SO  f  -  ^  ^^' 

According  to  these  relations,  the  well-known  but  misunderstood  hydrated 
pentathionic  acid  =  HSO  is,  in  fact,  the  "  undiscovered"  hydrated  hypo- 
sulphurous  acid;  the  compound  SSO  is  the  non-isolated  anhydrous 
hyposulphurous  acid ;  and  the  hydrated  hyposulphite  KSO  -f  HSO  is 
a  double  or  acid  penta&ionate.  These  are  sad  complications  in  terms, 
and  I  will,  therefore,  simplify  the  matter  by  throwing  aside  the  penta- 
thionic theory,  and  stating  the  &cts  in  other  words,  thus : — 

HSO  -  Htdra  sulphate  is  the  fundamental  acid,  or  rather  hydrogen 
salt,  of  the' series  of  oxy-salts  of  sulphur.    SSO  is  its  anhydride. 

KSO  would  be  the  normal  salt  of  the  series,  but  we  cannot  get  it 
except  with  negative  radicals,  0^',SO,  &c. 

KSO  -f  HSO  =  KH(SOy.  Potassa  hydra  bisulphate  is  the 
double  salt  or  acid  salt  of  the  series,  and  this  can  be  procured  in  great 
variety,  constituting  the  salts  now  considered  to  be  htfpoavilphitn 
combined  with  water,  according  to  the  formula 


K-S^  +  HK)  =  {|^0,HSO. 


fKSO) 
The  anhydrous  salt  K'S^s  <  KSO  I  is  a  triple  salt,  which  bears  to 

(ssoj 

the  salt  KSO  +  HSO  the  same  relation  that  the  anhydrous  bisulphate 

[KSOM 
of  potash  »  <  KSO*  >  bears  to  two  atoms  of  the  hydrated  bisulphate  of 

I  SSO") 
potash  «  a(KSO*  -f  HSO*),  accordmg  to  the  theory  that  I  have 
explained  at  page  119.     The  relation  is  also  the  same  as  that  which 
bichromate  of  potash  bears  to  neutral  chromate  of  potash,  as  is  explained 
in  the  article  on  the  '*  Chromates,"  page  ia6. 

The/Pentathionatb  of  Baryta. — The  only  salt  of  the  pentathionic 
add  which  has  been  analysed  is  that  of  baryta.  According  to  Lenoir,' 
this  salt,  obtained  in  crystals  by  precipitation  with  alcohol,  contains 

BaO,S«0»  +  aHO  equal  to  Ba,S*0»  -f  HHO. 

(where  O  =  8.)  (where  O  =  16.) 

The  relation  of  the  pentathionate  of  baiytes  to  the  hydrated  p^ta- 
thionic  add  is  shown  in  the  following  diagram : — 


*  Liebig  and  Kopp's  Annual  Report  (1847-8),  I.  285. 
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hypoanlphites  with  the  poitathionates  is  renuulc 
olloning  comparisoDS : — 
BaSO  BeSO  BaSO 

HSO  SSO  BaSO 

SSO  SSO 

^rfitaUind  Theontjcal  AnhTdrou 

rpiHiilptiite  AnhydroD*  Hfpoaulphlt* 

f  Bwytn.  PanUthioiuta  of  Bu;^- 

cfBuytet. 

examplee,  that  the  h^poenlphites  and  penta- 
ceed  by  the  mtercombination  of  simple  salts  of 
iO,  SSO,  and  that  no  such  thing  exists  as  a 
e  form  HO,S'0*,  and  that  tliere  are  no  p^ta- 
ire,  like  the  hypo«ilphit«B,  compounds  of  USO 

flees  iUnslrate  the  fonnatioa  of  the  hjposnl- 

olved  in  an  aqneons  solntian  of  snlphnrons  acid, 
ration  of  hydrogen  gas,  a  miitore  of  stilphite  of 
f  xinc 

Supposmg  Water  tioi  to  Act. 
__   (  Zn'.S'O'  =  Nentral  solphit*. 
\  Zn'jS'C  =  AnhydTona  hyposnlphite. 

.  Supposing  Water  to  Act. 
1  1  ZnHS-O"  =  Bisdphite. 

'I    °    l2iiH,S*0*  =  Hydrous  hyposulphite. 
i  also  produced  when  an  uqueons  solution  of  ao 
ed  in  a  cloee  vessel  with  an  excess  of  sulphur. 

Supposing  Water  not  to  Act. 
Na'.S'O*  =  Anhydrous  hyp0SDlphil«. 
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b.  Supposing  Water  to  Act. 
S*      f   ="    1  NflH's"€y*  I  ^y^^^  hyposulphite,  2  atoms. 

In  the  presence  of  water,  the  h3rposQlphites  are  probably  always 
formed  in  agreement  with  the  formiila  MSO,HSO.  Many  of  them 
crystallise  in  that  state.  This  is  the  case  with  the  hyposulphite  of  soda, 
perhaps  the  most  important  salt  of  the  series,  in  consequence  of  its 
employment  in  the  art  of  photography.  This  salt  crystallises  firom  it^ 
solution  with  so  much  water  as  to  agree  with  the  formula 

NaSO,HSO  +  2IPO. 

The  hyposulphite  of  barytes  and  many  others  also  crystallise  in  ^ 
form  MSO,HSO.  When  these  salts  are  dried  ^ejgradudRy  lose  their 
water,  and  pass,  by  intermediate  stages,  into  the  form  of  the  anhydrous 
hyposulphites  agreeing  with  the  formula  M*S^O*.  As  an  example  of 
these  progressive  changes  I  may  refer  to  a  crystallised  salt  of  potash, 
which  has  the  formula  EH,(SO)*  =  KSO,HSO.  When  this  salt  has 
been  dried  in  vacuo,  its  composition  is  K^jS'O' ;  and  when  ii  has  been 
deprived  of  all  its  water,  it  is  IC^SM^.  These  relations  are  shown  in 
the  following  diagram : — 

3  atoms  original  Salt.  Partiallj  dried. 

KSO  +  HSOl        ( KSO  +  HSO  ]  i  j?      u^  c^ 

KSO  +  HSol  =  |kSO+     S0y  +  H,H0|^^/^^°' 
KSO  +  HSO  j        I  KSO  +     S    J  13  *^"^- 

2  atoms  original  Salt.  Wholly  dried. 

KSO +  HSO\  _  JKSO+     S0\   .  xT„^jErpdledfitim     ' 
KSO  +  HSO  [  "  t  KSO  +     S    f  ■*■  "'"^{     a  atoms. 

These  examples  prove  that  the  salts  of  this  series  have,  like  ihe  silicates, 
an  extraordinary  power  of  combining  with  one  another,  and  also  of  com- 
bining with  additional  atoms  of  what  is  commonly,  but  improperiy, 
called  the  anhydrous  acid.  In  this  case,  and  in  all  such  cases,  the  com- 
pound S,SO  appears  to  me  to  be  a  perfect  salt^  and  to  combine  as  such 
with  the  other  salts. 

Although  unwilling  to  multiply  details,  I  must  quote  a  few  examples 
of  hyposulphites,  because  I  feel  that  the  reader  will  naturally  desire  to 
see  the  important  positions  which  I  have  advanced  established  firmly 
by  sufficient  evidence.  Most  of  the  hyposulphites  agree  with  the  two 
formula  that  I  have  explained,  MSO  +  HSO  and  M'S'O'.  I  shall  not 
refer  again  to  salts  agreeing  with  those  ordinary  formulae,  bat  select 
those  of  more  complex  constitution. 
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Hvpomilphite  of  leod-ozidc 
, '+  PbO.S'O'  +  3Aq. 
Uypoenlphite  of  leadoxide  and  s 
t.S'O'. 

'.  161.  Hyposulphite  of  lead-oii 
I")  +  PbO.S'O*  +  aAq. 
.459.  H jposnlphite  of  cnpnrasoii 
of  potMh-Hwlt  =  KO.8^  +  Cu*0,£ 
'.  4;9.  HTposolphite  of  caproiu-ozi 
9  of  potod«alt  =  3CK0,S'0*)  + 
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7.  Lenz,  V.  492.     Hyposulphite  of  caprous-oxide  and  soda;  with  i 

atom  of  copper-salt  to  3  atoms  of  soda-salt  =■  3(NaO,SK)')  + 
Cu«0,S«0«  +  2Aq. 

8.  Lenz,  V.  462.  H3rposalphite  of  cnprons-oxide  and  soda;  with  3 

atoms  of  oopper-salt  to  2  atoms  of  soda-salt  =  2(^80,8*0^)  -f 
3(CuK),S«0«)  +  5Aq. 

9.  Rammelsberg,  VI.  131.     Hyposulphite  of  meicurons  and  caprcms- 

oxide  =  5(CuK),S«0')  +  3(HgK),SK)«). 

10.  Rammelsberg,  VI.  78.  Hyposulphite  of  mercuric-oxide  and  am- 
monia =  4(NH*0,S»0«)  +  HgO,SH)«  +  2  Aq. 

I T .  Lenz,  VI.  1 80.  Hyposulphite  of  silver-oxide  and  soda  =  NaO.SV 
-f  AgO,S*0«  -f-  Aq. 

12.  Lenz,  VI.  180.    Hyposulphite  of  silver-oxide  and  soda  =  2(NaO, 

S«0»)  +  AgO,S«0"  -f  2  Aq. 

13.  Sir  John  Herschel,  VI.  179.     Hyposulphite  of  silver-oxide  and 

soda  =  2(NaO,S«0")  +  AgO,S«0«. 

14.  Fordos  and  G^lis,  VI.  231.   Hyposulphite  of  aurous^yxide  and  soda 

=  3(NaO,S«0«)  +  AuO,S*0*  +  4Aq. 

Elxcept  among  the  silicates  and  the  salts  of  the  metallic  adds,  it  would 
perhaps  be  difficult  to  find  a  series  of  salts  of  more  complicated  rdations 
than  the  series  exhibited  in  the  preceding  Table.  The  complicatioD 
arises  from  the  circumstance  that  the  normal  salt  MSO,  which  is  ihe 
basis  of  the  series,  though  unstable  when  isolated,  acquires  stabililr  when 
in  combination,  and,  like  all  the  oxy^^alts  of  sulphur,  has  an  unlimited 
tendency  to  form  complex  salts. 

In  considering  the  facts  that  are  exhibited  in  this  Table,  we  speedily 
come  to  the  question, — ^What  is  the  condition  of  the  hydrogen  in  these 
salts  y  Does  it  act  as  base  to  the  oxidised  radical  SO,  or  does  it,  as  all 
the  authorities  that  I  have  quoted  assume,  exist  in  the  condition  of 
toater  ?  I  admit  that  the  last  view  simplifies  the  formulse  materially ; 
but  the  mere  simplification  of  formuls  is  not  the  sole  object  of  our  in- 
quiry. What  we  want  mainly  to  understand  is  the  intimate  nature  of 
the  composition  of  these  salts ;  how  it  is — in  what  order — ^the  elements 
of  which  they  are  composed  are  combined  with  one  another.  LooIoDg 
at  the  whole  series,  at  all  the  kinds  of  the  salts  of  the  polythionic  add, 
it  seems  to  me  that  there  is  no  probability  that  the  hydrogen  exists  in 
the  state  of  water,  but  that  there  is  throughout  a  constant  recurrence  of 
the  salts  HSO,  MSO,  SSO,  and  that  of  these  elementary  salts  the 
hyposulphites  and  pentathionates  are  made  up.  We  perceive  every- 
where in  this  Table,  that  if  we  consider  SO  as  an  oxidised  native 
radical,  there  is  for  every  atom  of  it  a  correspondmg  positive  nulical — 
sometimes  H,  sometimes  M,  sometimes  S ;  all  of  them  unoxidised.  This 
is  consequently  a  demonstration  of  the  truth  of  the  proposition,  which  I 
enunciated  at  page  158,  that  with  certain  specified  exemptions,  one 
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positive  radical  never  combines  with  a  multiple  number  of  oxidised  sul- 
phur atoms  considered  as  one  n^ative  radical ;  but  that  every  single 
oxidised  sulphur  atom  acts  as  a  negative  radical,  and  combines  with  one 
positive  radical. 

But  what,  it  maj  be  asked,  shall  we  gain  by  admitting  the  divisibility 
of  these  compounds  into  inniunerable  little  normal  salts  ?  I  will  endea- 
vour to  answer  this  question.  It  is  admitted,  that  plants  feed  on  water 
=  HHO,  carbonic  acid  =  CO*,  ammonia  =  NH',  with  minute  quantities 
of  S  and  other  inorganic  elements.  We  know  also  tliat  animals  feed  on 
plants.  But  when  we  come,  in  the  practice  of  physiological  chemistry, 
to  examine  the  component  parts  of  animals,  we  find,  of  course,  the 
elements  upon  which  the  plants  feed,  but  we  find  them  in  the  condition 
of  substances  that  have  the  following  composition : — 

Total  atoms. 

Albumen    .  .  C*»'H'*N*'SK)«  =  482 

Caseine  .     .  .  C^^H^N^S'O*  =  644 

Flesh  fibrine  .  Cf»*H'«N^S«0*  =  482 

Blood  fibrine  .  C"^«N«SK)»  =  660 

I  copy  these  formulse  from  Professor  Grbsort's  Handbook  of  Organic 
Chamtryj  Y^h^S^edi  in  1856.  They  represent  therefore  tJie  present 
state  c^  chemical  knowledge  as  resp^rts  these  compounds.  We  have 
here  a  statement  of  &e  vKJ^mate  constitution  of  a  number  of  important 
compounds,  but  no  statement  of  their  jmurtmo^e  constitution.  We  can- 
not tdl  how  these  multitudes  of  atoms  are  combined  with  one  another, 
or  of  what  innumerable  little  normal  salts  the  complex  salts  are  com- 
posed. Between  the  food  of  plants— CO*,  HHO,  NH»,  S— and  blood 
fibrine  (^H**N**S*0^,  there  is  an  immense  chasm.  We  desire  to  bridge 
it  over.  We  want  to  know  how  the  raw  material  has  been  worked  up 
into  this  finished  manufacture.  We  would  fain  follow  the  original 
elements,  C,  and  H,  and  N,  and  S,  through  all  their  transmigrations  and 
metamorphoses  till  they  united  to  form  the  complex  animd  compound 
which  90  much  perplexes  and  astonishes  us. 

Well,  then,  the  proper  course  to  pursue  is  certainly  not  that  of 
maasing  the  elements  into  vast  clumps,  and  forbearing  to  inquire 
whether  these  clumps  are  not  divisible  into  smaller,  and  smaller,  and 
smaller  groups.  On  the  contrary,  the  duty  of  the  chemist  is  to  examine 
the  works  of  Nature  with  the  greatest  minuteness,  to  watch,  as  far  as  his 
power  permits,  the  working  of  every  atom  of  the  substances  which  he 
undertakes  to  examine,  and  not  to  satisfy  himself  with  looking  at  them 
cursorily  and  in  the  gross.  These  are  the  reasons  which  have  induced 
me  to  point  out  what  I  consider  a  defect  in  the  manner  in  which 
chemists  have  examined  the  salts  of  sulphur.  They  have  stopped  too 
readily  after  having  grouped  the  elements  into  clumps,  and  have  not 
exnnined  with  proper  care  in  what  manner  these  clumps  are  constituted. 
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By  persisting  in  such  a  course  with  salts  in  general,  they  will  never 
arrive  at  the  comprehension  of  the  constitution  of  such  compounds  as 
albumen,  caseine,  and  fibrine,  and  never  properly  appreciate  the  physio- 
logical chemistry  either  of  animals  or  plants.  This  is  why  I  propose 
that  we  should  push  our  analytical  inquiries  into  the  constitution,  not 
only  of  the  oxy-£udts  of  sulphur,  but  of  all  salts,  to  the  eztremest  possible 
extent  of  minuteness. 


The  Tetrathionates. 

The  Tetrathionates  are  produced  by  the  action  of  iodine  on  solutions 
of  the  hyposulphites.     Thus : — 

J  KSO  +  HSOl    ,j      irr   .   i    SO  +  HSOl 
t  KSO  +  HSO  ^  +  A  =  isa  +  I  g-g^  ^  jjg^  j^ 

2  atoms  Hyposalphite.  i  atom  Tetrathionate. 

Supposing  the  tetrathionate  thus  formed  to  be  dried  and  deprived  of  one 
atom  of  water  =  HHO,  it  becomes  KSO,SO  +  SSO  =  KS^. 
The  following  tetrathionates  are  nearly  all  that  have  been  analysed — 

AnalTtical  Formula;.  STooptical  Formuls. 

BaSO,SO  +  2HSO  =  BalP;  S*0*  =  BaS^  +  Aq. 

PbSO,SO  +  2HSO  =  PbH« ;  S*0*  =  PbSX>»  +  Aq. 

SrSO,SO  +  2HSO  +  Aq«  =  SrH«;  SH>»  =  SrS^  +  Aq». 
K  SO.SO  +     SSO  =  K       ;  SH/  =  K  S*0». 

The  synoptical  formula  seem  to  show  the  presence  of  the  poly-sulphnr 
radical  S\  but  the  analytical  formulae  account  for  the  salts  in  another 
manner.  They  are,  namely,  compounds  of  the  normal  sulphates  HSO, 
MSO,  and  SSO  with  SO,  and  there  is  apparently  no  such  compound 
as  the  assumed  tetrathionic  acid  HO,S^O*,  the  real  acid  being  composed 
as  follows:  H'SO,SO  +  HSO  +  HSO  =  H»S*0*;  where  H'  is  the 
only  atom  that  is  replaceable  by  a  metal. 


The  Trithionates. 

The  trithionates  are  produced  by  digesting,  for  three  or  four  days,  a 
saturated  solution  of  bisulphite  of  potash  on  flowers  of  sulphur.  The 
products  vary  according  to  the  duration  of  the  digestion,  the  heat  at 
which  it  is  effected,  and  other  circumstances.  They  are,  generallj, 
trithionate  of  potash,  more  or  less  of  sulphate  and  of  hyposulphite,  a 
quantity  of  sulphurous  acid  which  is  evolved  during  the  digestion,  aod 
a  solution  from  which  free  sulphur  is  afterwards  deposited.  The  variety 
and  variableness  of  these  products  render  it  impossible  to  explain  the 
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operation  in  an  equation ;  bat  the  chief  points  can  be  satisfiictorily 
acoooDtai  for. 

1.  The  fonnula  of  bisulphite  of  potash,  according  to  the  radical 
tbewy,  is  KSOO  +  HSO.  With  S,  this  can  produce  KSO  +  HSO 
=  hyposulphite  of  potash  4.  SO  a  sulphurous  acid. 

2.  Two  atoms  of  bisulphite  of  potash  are  equal  to  one  atom  each  of 
trithionate  of  potash  and  sulphate  of  potash,  thus : — 

KSO*  +  HSO  1        }  KSO»  +  HSO  +  HSO  =  Trithionate. 
KSO»  +  HSO  f  "^  \  KSO«  =  Sulphate. 

3.  If  water  is  presumed  to  take  part  in  the  operation,  and  a  little 
oxygen  is  taken  up  from  the  air  daring  the  prolonged  digestion,  the 
action  maj  be  represented  thus : — 


30  )     f 


KSO»  4-  HSO  1  f  KSO*  +  HSO  +  HSO. 
KSO«  +  HSO  }  =  {  KSO*  +  HSO  +  HSO. 
S«-|.HHO 


4.  The  trithionates  can  also  be  prepared  bj  erposing  a  solution  of 
bjposolphite  of  zinc  to  spontaneous  decomposition : — 

ZnSO,HSO  1        7  Q    .    J  ZnSOO.  1 
ZnSO,HSO  I  ==■  ^»o  +  I  (HSO)«  f 

The  composition  of  crystallized  trithionate  of  barytes  has  been  found  to 
be  BaH^S'O*,  which  is  equal  to  BaSO*  +  (HSO)".  The  formulee  of  the 
crystallized  anhydrous  trithionate  of  potash  is  KSO»  +  SSO,  or  KS'O'. 
Hence,  the  analytical  formulae  of  these  salts  are  as  follow : — 


The  anhydrous  trithionates  are  s 
M,SOO 

s,so. 


The  hydrous  trithionates  are  s 
M,SOO 
H,SO 
H,SO. 


Their  synoptical  formulee  are. 

Anhydrous  trithionates  »  MfSK)* 
Hydrous  trithionates  ]  I  iif  gajy   ,   tjiq 

When  the  trithionate  of  potash  is  made  red  hot,  it  is  decomposed  into 
one  atom  each  of  sulphur,  sulphurous  acid,  and  sulphate  of  potash. — 
Laoighis. 

KSO»  +  S,SO  =  KSO»  +  S  +  SO. 

When  a  solution  of  trithionate  of  potash  is  boiled,  it  is  resolved  into 
sulphate  of  potash,  sulphurous  acid,  and  sulphur. — Pehuze, 

KSO*  +  HSO  +  HSO  =  KSO*  +  SO  +  S+HHO. 
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The  synoptical  fonmilse  seem  to  indicate  the  existence  of  the  multiple 
radical  S*,  but  all  other  circumstances  diacredit  that  assumption. 


The  aqueous  pentathioDic  add,  when  acted  on  by  an  alkali,  suffers  de- 
composition, liberates  water  and  one  or  two  atoms  of  sulphur,  and  pro- 
duces a  tetrathionate  or  trithionate : — 

KH*,S*0»  less  S  and  HK)  =  KH«,S*0*  =  Tetrathionate. 
KH*,S*0»  less  S«  and  H«0  =  KIP,S»0*  =  Trithionate. 


The  Sulphenetes. 

In  the  proposed  nomenclature  a  Sulphenete  would  be  a  salt  con- 
taining two  atoms  of  sulphur  and  two  atoms  of  oxygen  =  8*0*.  No 
such  salts  are  at  present  recognised,  but  I  have  no  doubt  that  we  shall 
find  them  hereafter.  In  tracing  the  oonstitutioD  of  the  tetrathionates,  I 
have  shown  that  they  may  be  considered  to  consist  of  a  btadd  salt,  of 
the  form  MSO,SO  in  combination  with  S,SO  or  with  HSO,HSO.  This 
biacid  salt  MSO,SO,  if  isolated,  would  be  a  sulphenete.  Thus,  KSO,SO 
=  KSK)*  s  Potassa  sulphenete.  Now^  though  I  cannot  point  out  any 
single  salts  of  this  composition,  I  can  refer  to  a  daubU  salt,  which  will 
explain  my  view  of  its  composition.  I  copy  the  following  equation  from 
Gerhardt's  discussion  of  the  "  type  ammonia.'*^  In  this  equation  S 
signifies  what  I  call  S*.    The  other  symbols  agree  with  mine. 

A.  B.  C.  D. 

N  ^  Ag  +  a,S*H»SO'  =  N  I  CTI»SO»  +  OAg. 

[h  [    H 

Azotare  of  Chloride  of                   Azoture  of 

Sulpho-phenyle  Sulpho-phenyle.          Dtsulpho-phenyle 

of  Silver  and  Hydrogen, 
and  of  Hydrogen. 

It  is  absurd  to  consider  oxidised  double  salts  like  these  as  '*  ammonias," 
and  I  shall  arrange  the  symbols  in  a  different  manner : — 

A  is  a  salt  of  the  dass  that  I  have  pointed  out  as  double  sulphates 
(using  that  word  in  its  new  saise),  in  which  one  of  the  basic  radicals  is 
silver  and  the  other  an  amidogen  containing  one  atom  of  phenyl  = 
Ag;SO+  ZH,CTa»;  SO. 

B  is  a  similar  double  sulphate,  in  which  the  basic  radicals  are  chlorine 
and  phenyl  =  a ;  SO  +  C^*;  SO. 

'  Trait^  de  Chimie  Organique,  tom.  iv.  770. 


r 
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When  tbese  two  salts  act  upon  one  another,  chloride  of  silver  (D)  is 
prvxliiced,  and  the  other  elements  all  rest  in  combination  to  form  the 

salt  a 

A  +  B.  D.  C. 

A  =  AgSO  +  ZH,CTI»;  SO)        i  Ag\    ,    jSO  +  ZH,CrH*;  SO 
B  =  aSO+        CTi»;SO|  *  tCl   J  "*■  tS0+        CTa»;SO. 

This  last  salt  (C)  is  consequently  the  double  sulphenete,  ZH,(7H^ ; 
SK)*  +  (7H*;  SHD*.  The  normal  sulphenete  will  no  doubt  soon  be 
fbond,  if  it  is  searched  for. 

The  Sulphites. 

The  composition  of  the  sulphites,  according  to  the  radical  theoiy,  and 
on  the  assumption  that  the  atomic  weight  of  sulphur  is  1 6,  is  repre- 
sented bj  the  foUowing  formulse : — 

Analytical  Formala.  STiiopCical  Fonnuk. 

MO,SO  +  M,SO  '  M,M ;  S«0» 

These  fonnuke,  however,  represent  the  Neutral  Sulphites.  The  Acid 
Sulphites,  or  Bisulphites,  are  constituted  as  follows : — 

Analytical  Foimak.  Synoptioal  Fonniila. 

MO,SO+H,SO  M,H;  S«0». 

There  is  no  hjdrated  acid  corresponding  to  these  sulphites.  According 
to  the  synoptical  formula,  a  sulphite  is  a  bibasic  salt  According  to  the 
analjtical  formula,  it  is  a  double  salt  consisting  of  a  sulphate  MSO^,  in 
combination  with  a  salt  on  the  model  of  water  containing  only  one  atom 
of  oxygen  =  MSO.  Hence  the  hydrated  acid  would  be  a  compound  of 
hydiated  sulphuric  acid  with  hydrated  pentathionic  acid — 

HO,SO  +  HSO  =  H,H ;  S\y. 

NOKENCLATUBE  OF  THE  TWO  KINDS  OF  SULPHITE. 

Neutral  sulphite:  E,K;  3*0*   Potassen  sulphenite. 
Add  sulphite :      K,H ;  8*0*  Potassa  htdra  sulphezote. 

The  sulphites  are  prepared  by  passing  sulphurous  add  gas  s  SO  into 
sobtions  c^  caustic  alkalies  or  carbonates  of  alkalies.  The  reactions  that 
take  place  are  shown  by  the  following  equations : — 

0.  KHO  +  SO  +  SO  =  K,H;  SH)» 

6.  KHO  +  SO)        JK,K;S«0' 
KHO  +  SOj   *  t     H,HO. 

c.  K,K;00»     1  _  jK,K;  S«0» 
S0  +  SO     /  "  t  C0». 


■..VT  ^ 
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According  to  a),  one  atom  of  caustic  potash  and  two  atoms  of  sol- 
phurons  acid  produce  one  atom  of  bisulphite  of  potash.  According  to 
6),  two  atoms  of  caustic  potash  and  two  atoms  of  sulphurous  add  pro- 
duce one  atom  of  water  and  one  atom  of  neutral  sulphite  of  potash. 
According  to  c),  one  atom  of  carbonate  of  potash  and  two  atoms  of  sul- 
phurous acid  produce  one  atom  of  neutral  sulphite  of  potash  and  one 
atom  of  carbonic  acid. 

The  sulphites  of  the  alkaline  earths  (Ba,  Sr,  Ga)  which  are  insoluble 
in  water,  dissolve  in  an  aqueous  solution  of  sulphurous  add.  The  reason 
of  this  is,  that  the  insoluble  neutral  sulphites  become  converted  into 
soluble  bisulphites : — 

Ba,Ba;S«0»+  \       jBa,H;S«0» 

SO  +  SO   +  HHOf  *  lBa,H;SK)^. 

Many  neutral  sulphites  are  decomposed  by  ignition  into  i  sulphate 
and  i  sulphide : — 

Pb,Pb;SK)»\       j3(PbS0«) 
Pb,Pb;S«0»[  "^  \     PbS. 

When  sulphites  are  treated  with  hydrochloric  acid,  sulphurous  add 
gas  is  Hberated,  and  no  sulphates  are  formed  :— 

Ag,Ag,S«0»)  „  fAgCa,Aga 
H,H,C1»         [        \  SO,SO  -H  HHO. 

When  sulphites  are  treated  with  nitric  add  in  the  cold,  sulphurous 
acid  gas  is  liberated : — 


)  ( K,NO» 
\  «  {  K,NO» 
J        I  SO,SO  + 


K,K;  S^0» 
H,NO» 
H,NO»    J        I  SO,SO  +  HHO. 


When  a  mixture  of  sulphites  and  nitric  add  is  boiled,  peroxide  of 
nitrogen  is  expelled  and  sulphates  are  formed : — 

K,K;S«0»1  fKSO« 
HO,NO*  V  =  ^  KSO* 
HO,NO»  J        I  NO«,NO«,  +  HHO. 


The  Hyposulphates. 

The  hyposulphates  are  constituted  as  follows .' — 

Analytical  Formala.  Synoptical  Fonnula. 

KO.SO;  SO  K,SK)* 


UPACrriEB  OP  02T-eDLPI 

igmese  is  prodaced  by  p 
peroxide  of  maoganese  i 

50  =  MnO.SO  +  SO  = 

nlphates  give  off  oue  at 

nS'O'  =  MnSC  +  SO. 

liypoatilphate,  when  act 
atoms  of  sulphuric  acid 


KO,SO 
SO 
H0,N06 


1  )  (  KO,SO. 
i}  =  l  HO,SO. 
Oj         (        NOG. 


KO.SO 

SO 

H,HO 


Pecoliaiities  in  the  Saturating  Caj 
Oxy-Sulphnr  Axdds. 

I  On  compering  together  the  synoptical  for 
fpomlpbates,  we  observe  a  very  remarkable 

K,K ;  S-O*  =  Sulphite. 
K,   8*0"  =  HypoBulphate 

re  are  two  classes  of  salts,  both  having  add 
ore  and  qoantity,  and  both  with  the  same  nnml 
differing  essentially  in  the  important  circmns 
one  class  are  monobasic,  and  those  of  the  oth 
optital  foimnlfe  ahow  nothing  to  explain  thi 
lyliol  fbnmilte  dear  up  all  mystery : — 

KO.SO  +  K80  =  Sulphite. 
KO,SO+     SO  =  Hyposulj 

ndy,  the  solphite  is  both  bibasic  and  btadd. 
a  bnt  not  bibasic. 

[Iiis  ei[danation  of  the  rational  composition 
)C«dpbateB  is  totally  lost,  if,  following  MM.  < 
,  we  Gi  the  atomic  weight  of  sulphur  at  3a : 
iniilttKKSO'aodESO*;  one  representing  a  t 
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monobasic  salt,  with  no  clue  to  the  significaaoe  of  so  remarkable  a  peco- 
liarity. 

The  proportions  of  sulphur  and  oxygen  which  are  present  in  the 
sulphites  and  hyposulphates,  are  the  same  as  the  proportions  which  con- 
stitute the  compound  called  anhydrous  sulphuric  acid : — 


Anhydrous 

Neatral 

Hyposcdphate 

Snlphoric  Add. 

Sulphite  of  Potaah. 

ofPotuh. 

SO 

K,SO 

SO 

soo 

K,S(X) 

K,SOO 

These  relations  explain  many  phenomena  that  occur  when  sulphuric  acid 
acts  upon  organic  radicals. 

2].  A  similar  anomaly,  as  to  saturating  power,  appears  when  we  com- 
pare together  the  anhydrous  tetrathionates  and  the  anhydrous  hyposul- 
phites, expressed  in  synoptical  formulsB : — 

K,S*0*  =  Tetrathionate. 
KK,S\D»  =  Hyposulphite. 

The  cause  of  this  difiference  is  shown  in  the  analytical  formulte : — 

ESO  4.     SO  4-  SSO  :^  The  Anhydrous  tetrathionate. 
KSO  +  KSO  +  SSO  =  The  Anhydrous  hyposulphite. 

3].  The  following  salts  exhibit  a  third  pair  of  examples  of  this  pecu- 
liarity: — 

M;  S^  =  Sulphenete  (Hypothetical).     See  page  170. 
MH ;  Sny  ss  Hydrous  hyposulphite. 

The  analytical  formuUe  of  which  salts  are : — 

MSO  +     SO  =  Sulphenete. 

MSO  4.  HSO  =  Hydrous  hyposulphite. 

4].  I  might  even  notice  a  fourth  pair  of  such  salts : — 

ZH,C'H* ;  CTI*;  S*0*  =  Double  sulphenete.  See  page  170. 
K,H,H ;  S*0*  =  Hydrous  tetrathionate. 

The  analytical  formulae  of  this  pair  of  salts  are : — 

j  ZH,CW;  SO  4-  SO  I  p,    , ,       1  u    ^ 
i        CTI» ;  SO  +  SO  I  ^''''^^^  sulphenete. 

J  KSO,SO  4-  H,SO  1  o   ,        ,  ^,, .      , 
1  H  SO  1  ^J^'^^  tetrathionate. 

Facts  of  this  sort  should  not  be  forgotten  when  you  inquire.  What  is 
the  nature  of  the  bibasic  and  biacid  power  ? 

How  are  you  to  know  a  sulphite  from  a  hyposulphate  ?    Both  contain 
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S\)^,  but  the  sulphite  contains  two  positive  radicals,  the  h3rposulphate 
only  one  positive  radical.  The  distinction  seems  to  be  almost  self- 
evident  ;  yet  the  terms  sulphite  and  hyposulphate  are  applied  frequently, 
m  books  on  organic  chemistry,  to  compounds  for  which  they  are  totally 
unfit  Such  cases  occur  even  in  Gmelin's  Handbook.  In  discriminating 
the  oxy-sulphur  salts,  attention  must  always  be  paid  to  three  particulars, 
namely,  the  number  of  atoms  of  sulphur,  of  oxygen,  and  of  die  positive 
radicals.  The  relation,  not  of  any  two  of  these,  but  of  the  whole,  to  one 
another,  determines  the  nature  of  the  salt ;  for  we  have  seen,  that  the 
adds  S\>*,  S^,  and  SK)*,  can  saturate  either  M  or  MM ;  and  that  MM 
am  saturate  either  S*0*,  SW,  or  S*0^,  or  twice  that  quantity  of  <xny  om 
ofl^iffn,  I  repeat,  therefore,  that  the  relations  of  these  three  components 
of  the  salts  must  be  carefully  determined  in  each  case,  and  liiat  the 
?arions  oxy-sulphur  salts  are  to  be  formulated  and  named  according  to 
such  threefold  determinations.  Hence,  the  formula  MSK)"  will  signify 
a  hyposulphate,  and  the  formula  MM,S^  will  signify  a  sulphite;  so 
also,  MSO*  will  signify  a  sulphate,  and  MSO*  +  HSO"  will  signify  a 
bi^phate ;  M>haJtever  may  he  Ae  nature  of  the  radical  which  is  denoted  by 
if,  provided  always  that  it  is  a  radical,  and  is  known  to  act  as  a  radical 
in  other  cases. 


Nomenclature  of  the  Complex  Oxy-Sulphur  Salts. 

An  atom  of  sulphur  weighing  i6  combines  with  an  atom  of  oxygen  of 
the  same  weight  to  produce  an  atom  of  sulphurous  acid  =  SO.  This  is 
the  prime  radical  of  all  the  oxysalts  of  sulphur. 

SO  combine  with  H,  to  produce  the  salt  H,SO.  This  can  be  ob- 
tained in  aqueous  solution  of  the  specific  gravity  of  i*6,  but  it  cannot  be 
isolated.  It  has  been  called  pentathionic  acid.  I  call  it  hydra  sulphate. 
It  can  produce  salts  of  the  form  MSO,  where  M  is  a  negative  radical, 
bat  not  where  M  is  a  positive  radical.  It  can  however  produce  acid 
asdts  of  the  form  MSO  +  HSO,  where  M  is  a  positive  radical.  These 
salts  are  now  called  hyposulphites.  I  propose  to  call  them  bisidphates. 
Thus  E,H ;  (SO)*  is  potassa  hydra  hisutphate.  Hydra  sulphate  produces 
an  anhydride  of  the  form  S,SO  ^  sulpha  sulphate.  This  combines  with 
salts  of  the  form  MSO  to  produce  anhydrous  hyposulphites  of  the  form 
PbSO,  PbSO,  SSO  =  Pb«S^,  which  may  be  called  ^t^mien  sulphmite. 
These  simpler  varieties  of  hyposulphites  combine  with  one  another  to 
produce  a  series  of  extremely  complex  salts  of  which  I  have  given  some 
esamples  at  page  165.  I  do  not  propose  to  apply  systematic  names  to 
these  complex  salts,  because  it  is  certain  that  they  would  never  be  used. 
The  names  in  present  use,  as  given  at  page  165,  are  vague  and  in- 
accurate ;  one  single  term  *'  hyposulphite "  being  applied  to  salts  of 
extremely  difierent  constitution.     Such  error-teaching  names  are  worse 
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than  useless.  It  is  bett^  to  depend  upon  the  foraiulse  for  infbimation. 
The  new  nomenclature  ooatd  express  every  one  of  these  salts  with  pre- 
cision, but  only  in  words  of  complexity  corresponding  to  the  complexity 
of  the  salts  upon  whose  formulse  they  would  be  framed. 

I  will,  however,  give  a  few  examples  of  the  names  of  these  salts, 
specifying  the  proximate  constituents  as  they  appear  in  the  text  at  page 
165 : — 

I.  AmRfSK)*  +  Am'S^D*.     Ammana  hydra   bisulphaU  cum  am" 

mcmen  siUphonite. 
a.  2(AmH,S*0')  +  PbH,SH)*.    Bis  ammona  hydra  bisulphaU  cum 

plumba  hydra  bisulphate, 

3.  aCNa'SX)*)  +  Ph'SH)*.     Bis  natren  sul^iomte  cumplumben  sul- 

phanite, 

4.  4(KH,S\)«)  +  Pb«SX)».     T^traMs  plumba  hydra  bisulpfuUe  cum 

plumben  sulphonite. 

The  critic  who  feels  disposed  to  censure  the  length  of  these  names 
will  be  pleased  to  bear  in  mind  that  they  are  not  merely  hard  meaning- 
less words,  but  that  they  contain  an  account  of  the  composition  of  the 
respective  salts,  and  so  render  it  needless  to  state  that  composition  in  the 
description  of  the  salts. 

The  pentathionates  are  compound  salts  of  the  kind  that  I  propose  to 
call  sulphates,  such  as  BaSO,HSO,HSO,SSO,  or  BaS0,SS0,SSO.  See 
page  163.     The  names  expressive  of  these  two  formuke  are — 

'^BaSO,(HSO)*,SSO.    Baryta  stdphate  bis  hydra  sulphate  cum  sti^iha 
sulphate, 
BaSO,(SSO)'.    Baryta  sulphate,  bis  stdpha  sulphate. 

But  if  the  formulae  of  these  salts  are  thrown  into  the  closest  synoptical 
form,  (which,  however,  hides  the  proximate  constitution,)  they  beoMse — 

BaH',  SHy.    Baryta  hydren  su^unoU. 
Ba,S\>'.    Baryta  sulphumte. 

The  tetrathionates  are  BaSO,SO  +  HSO.HSO.  The  first  division  of 
this  formula  consists  of  BaSO  combined  with  SO,  just  in  the  same 
manner  as  the  hyposulphates  (page  172)  consist  of  BaSO*  combined 
with  SO.  The  other  part  of  the  formula  consiiiits  of  two  atoms  of  the 
hydrated  acid  HSO.  These  two  atoms  of  add  seem  to  be  liable  to  pro- 
duce an  anhydride,  and  so  form  the  salt  ESO,SO  +  SSO. 

BaS'0*,(HSO)".     Baryta  bisulphate  bis  hydra  sulphate. 
BaSH>*,SSO.     Baryta  bisulphate  cum  sulpha  sulphate. 

Expressed  synoptlcally,  these  two  salts  will  be — 
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H*,(SO)'  =  Baryta  ht/drmi  tetraauIjAaU. 
Ba,S*0»  =  Baryta  guljAonite. 

I  are  ZnSO*  +  (HSO)»  or  ZnSO*  +  SSO.  The  first 
ila  signifiea  the  compoond  which  is  called  at  present 
lich  the  new  nomendature  changes  to  sidpfiete.  The 
Dnnnln  is  similar  to  that  of  the  tetrathionatcs.  The 
itnre  of  the  trithionatefl  is  as  follows ; — 

H'S'O*  =  Zinca  hydren  tulphitioU. 
ZnS'O*  =  ZiruM  n^ihmiU. 

a  of  salphar  salts  are,  at  present,  of  very  little  import- 
with  tae  fbltowing : 
lich  are  now  called  sulphates,  bttt  which  I  propoee 

w  called  BDLPHiTEfl.  These  are  compounds  of  MSO 
s  to  say,  of  the  two  salts  that,  in  the  new  nomencla- 
Iphateg  and  aJphetes.     The  double  salt  assumes  the 

jic  salt  K,K ;  8*0*  =  POTASSEN  SULPHESrrK. 

it  are  at  present  called  HTFOSULPHA'ns.  These  salts 
«  salts  now  called  sulphates,  in  combination  with  sul- 
us  KSO"  +  SO  =  K.S'C  =  POTABSA  m 
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ofessor  Miller,  the  formula  of  h3'drated  (nalic  add  is 
t  of  the  oi^te  of  silver  is  AgO.CKP.  If  I  double 
of  the  carbon  and  oxygen,  these  formnUe  become ; — 

H,  CO*  =  Hydra  cabb;cte. 
Ag.CO*  =  Arqehta  cabbetb. 

gives  tlie  following  accoont  of  the  difierent  classes  of 
the  alkalies,  oxalic  acid  forms  three  classes  of  salts, 
na  one  equivalent  of  base  to  one  equivalent  of  add,  of 
of  ammonia  (H*NO,C?0*+aq)  is  an  example.  The 
IS  two  equivalents  of  acid  to  one  of  a  fixed  base.  Blu- 
er the  salt  of  sorrel  (KO.HO,  aCO'+Zaq)  is  an 
icription ;  whilst  the  third  class,  which  is  exemplified 
pobsh  (K0,3H0,^(?O'+4  aq),  contains  the  unusual 
jqaivalents  <$  acid  to  one  of  a  fixed  base.  It  is  very 
I  acid  belongs  to  the  class  of  acids  termed  bibasic." — 
iiffPRT,  ii.,  p.£45. 
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Radical  Theory,  these  aalts  may  be  represented  tLos  :- 

',  CO'  +  ^  aq  =  Ammona  carbete  demi-aqnate. 
1 ;  (CO*)'  +  aq  =  Potassa  hydra  bicarbete  aqnate. 
P;  (CO*)*  +  3  aq  =  Potassa  hydrine  tetracaHiete  aqoete. 

.'8  account  of  the  oxalates  is  as  followB : — 

acid  iH  a  most  energetic  bibasic  acid. 

imposition  of  the  neutrai  oxalates  is  represented,  in  a  general 

CIPO*  =■  tTO"  j  MO  =  3(CK)»,M0). 
vxealates,  or  add  oxalaiM,  contain — 
™M0'  =  C^I  ^^  =  (C0»,H0  +  C^)',MO). 

tat  is  to  say,  combiDations  of 


with  biaozalates 
CKf 


:\ 


=  (jCTO-iHO  +  CTO",MO)." 


"••IIS 

I  Chimie  Organique,  torn,  I,  343. 

ig  to  the  radical  theory,  these  salts  are  formulated  aa  fbl- 

■late*.  Add  OiilalM.  QiudnmUM. 

f  MOO"  +  HCO*,  MOO*  +  3(HO0^, 

MH  (00*)'  MIP(CO»/. 

rtion  whether  oxalic  acid  is  MoitOBASiC  or  Bibasic,  is  analo- 
similar  inquiry  respecting  sulphuric  add.  The  ai^tuntnts 
een  maintained  for  and  against  the  bibasicity  of  the  latter  bear 
ID  the  bibasicity  of  the  former.  If  the  argiunents  of  KM. 
nd  Williamson,  which  I  have  quoted  between)  pages  144 
irove  to  the  reader  that  Bulphoric  acid  is  bibasic,  then  he 
i  at  once  that  oxalic  add  also  is  bibasic  If  the  ergmiKnta 
'6  urged  in  rejJy  to  those  chemists  prove  that  sulphuric  add 
c,  they  serve  equally  well  to  prove  that  ozaUc  add  is  mo- 
consider  the  question,  therefore,  as  suffldently  examined,  and 
e  decision  upon  it  to  be  that  oxalic  add  is  Monobasic 
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EiAUPLEs  OP  Oxalates. 


xalates  with  one  basic  radical ;- 


cw 

Ag.OO' 

Fe,  00* 

Co,    00* 

■..oo- 

Pb,CO- 

Foe,  00* 

Ni,    C0» 

CO* 

Zn,  CO' 

Hg,  CO* 

U,      CO* 

^co- 

CucOO' 

Hgc.CC 

C  H',C0' 

.  CO- 

AlcOO" 

Crc,CO» 

C^'.CO* 

lalatee  with 

rwo  basic  radicals : — 

mCrciCT)* 

KSbc;    C^ 

BsAlcjCO* 

QiMn;<?0* 

KFec;    CV)» 

BaFec;C0^ 

Cue;     (K>* 

NaAlc;C^)' 

CaCrc;  CKT 

Zn;      CW 

HaFec;C^>* 

AgCrc;  CW 

Ore;      <K 

)* 

NaCrc 

CC 

PhCrcjC'O* 

Eolates  with  THREE  basic  radicals : — 

Am*,Zn;  (CO*)'  CaCr.^;  (CO*/ 

xalates  with  fouk  basic  radicals : — 

ff;    (CO*)'      ]      KCre";     (CO*)'      I  CoCoc";  {CO")* 

';        (CO*)*  AmMg'i(CO')*         (ZIPMdI'.H;  (CC/ 

Crc»;  (CO*/      I  j 

lalates  with  five  bai^c  radicals :  Aiii*Cd ;  (00*)*. 
xalates  with  six  basic  radicals :  Am'Mg;  (CO*)', 
salates  with  SETEif  basic  radicals: 
IPSbeH";  (CO*/  I  Am-Mg;  (CO")', 

xalates  with  eight  basic  radicals :  MgMn' ;  (CO*)", 
xalates  with  TEN  basic  radicals : 

K^a'Coc';  (CO*)"  i  Am'Co;  (CO*)", 

lalates  with  eixveh  basic  radicals : 
K-Sbc-;  (00*)"  I  Na'Sbc';  (CC)". 

xalates  with  eiohteen  basic  radicals :  Ain''Mg* ;  (CO*)", 
particnlara  of  these  salts  will  be  found  in  the  following  works : — 
'a  Handbook  of  Chemistry,  Vols.  IX  and  X ;  Liebig's  Handwor- 
.  der  Chemie,  Band  V.,  article  Oxalsanre  Salze;  Gerhardt, 
le  Chimie  Oiganiqae ;  and  Liebig's  Annalen  for  July,  1856, 
preceding  Table  shows  that  the  oxalates,  like  the  sulphates,  ooni' 
ith  one  another  to  produce  a  great  variety  of  complex  salts. 
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They  not  only  produce  double  sdUsy  as  is  urged  by  the  advocates  of  the 
bibasic  theory,  who  call  the  double  salts,  h&asio  ialts,  but  they  produce 
three-fold,  five-fold,  seven-fold,  eleven-fold,  and  eighteen-fold  oxalates, 
which  are  by  no  means  easy  to  reconcile  with  the  bibasic  theory.  Nay, 
even  the  salts  with  an  even  number  of  acid  radicals,  are  often  more 
difficultly  explicable  on  the  bibasic  than  on  the  monobasic  theory.  Such 
salts  are: 


AmOO"  +  3(MgOO») 
MgCO*  +  7(MnC50«) 


CoOO»  +  9(AmOO0 
CoC50«  +  3(CocC50*). 


The  fonnulffi  of  the  multiple  oxalates  which  are  given  in  the  above 
table,  are  much  simpler  than  the  formulae  that  are  usually  ascribed  to 
them.  This  is  particularly  the  -icaae  with  the  salts  of  the  Bastuc 
Metallic  Radicals,  which  are  distinguished  in  the  Table  by  the  final  ^'c"  of 
their  symbols.  See  page  33.  How  this  simplification  of  the  fi>imuls 
is  effected,  I  have  explained  by  an  example  given  at  page  37 ;  but  in 
order  to  leave  no  doubt  on  this  subject,  I  w^  now  examine  one  or  two 
more  examples  of  complex  oxalates. 

^'  Chromic  oxalate  forms,  with  the  oxalates  of  the  alkalies  and  earths, 
two  series  of  salts,  viz.,  dark-blue  salts,  which  form  bluish-green  solu- 
tions in  water,  and  cherry-red  or  garnet-coloured  salts,  forming  cherry- 
red  solutions  in  water.  The  formula  of  the  blue  salts  is  3(M0,CK>^  + 
Cr»0»,3C*0»  =  C«M*Cr*0'*;  that  of  the  red  salts  is  MO,C*0»  +  0*0*, 
3C»0»  =  C»MCi*0^"     Onulin,  Handbook  of  Chemistry ^  ii.,  1 37- 

Blw  ammoMo-chromic  oxalate,  3(NH'0,C0^  -|-  Cr*(y,3(Xf  +  6aq. 
MitscherUch,     This  is  equal  to 

I  consider  Cr*  to  be  replaceable  by  Ci*cP,  and  I  double  the  atomic  weight 
of  the  carbon  and  oxygen.     The  number  of  atoms  then  becomes : 

N»H>«Crc«(TO«  +  aq». 

All  these  numbers  are  divisible  by  3,  which  reduces  the  atoms  thus : 

NH*CrcC«0*  +  aq». 

This  gives  us  N'H*CO«  -|-  CrcCO*  +  aq,  or  ZH*,Crc ;  (C0«)«  -f-  aq, 
which  represents  a  double  oxalate  with  one  atom  of  water  of  crystal- 
ization.  All  of  the  blue  salts  are  of  the  same  construction,  and  belong 
to  group  b  in  the  above  Table. 

Red  ammonto^hromic  oxalate,  NH^O,C*0*  +  Ci*0",3C'0*  -|-  8  aq  = 
Cf(NH*,Cr«)0"  -I-  8  aq,  Gmdm.     This  is  equal  to 

NH^Cr»C»0»«  +  aq". 
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Making  the  same  corrections  as  before,  this  becomes 

NH*CrcPC*0*  +  Aq*. 

These  nmnbers  are  indivisible,  and  the  compound  requires  the  formula : 

NH*CO«  +  3(Crc,C0«)  +  aq*  =  ZH*,Crc' ;  (CX)»)*  +  aq\ 

This  salt  is  therefore  a  quadroxalate,  and  belongs  to  group  d  in  the 
abo?e  Table. 

Oxalate  of  magnesia  and  ammonia,  voitk  excess  of  the  ammoniorsdU, 
2[O(2NH*)0^]  -h  C|(Mg,NH*)0»  +  4  aq. 

The  ultimate  constituents  of  this  compound  are 

N^H^Mg'eK)'*  +  Aq*. 
Afler  doubling  the  atomic  weight  of  carbon  and  oxygen,  thej  become 

N»H»Mg'(X)»«  +  Aq". 

These  numbers  are  indivisible,  and  thej  consequently  produce  the 
compound,  (ZH*)*  Mg ;  (CO^y  +  aq«  =  5(ZH*,C0-)  +  Mg  CO*  +  aq« ; 
which  is  the  salt  marked  group  /  in  the  Table;  the  aq*  being 
neglected. 

Normal  oxalate  of  alumina.  =  AlK^,  3C0»,  Berzelius.  =  C»«A1^0** 
Gmdin.  =  C*Al|Cf,  Gerhardt. 

After  substituting  Ale*  for  Al"  (see  page  28),  the  formula  A1*0*, 
3(W  becomes  AlcPC*0'*.  After  doubling  the  atomic  weight  of  C  and  0, 
this  formula  becomes  AlcWO*.  After  division  by  3,  we  have  the 
simple  £>rmula,  AlcGO*,  which  brings  the  salt  into  group  a. 

OxalaU  of  alumina  and  baryta.  3(BaO,(X)»)  +  (Al*0«,3CHD»)  + 
10  aq  and  +  30  aq.  [  =  C**Ba*Al*0**  +  10  and  +  30  aq.]  Umelin. 

TUs  salt  is  evidently  of  the  same  structure  as  the  blue  chromic 
oalates,  and  is  liable  to  a  similar  reduction. 

Ba*APC»*0"*  =  Ba»Alc»(X)"  =  BaAlcCW. 

Consequently  the  salt  beI<Higs  to  group  6. 

AmmonuHnanganous  oxalate.  C(NH*,Mn)0^  +  4  a^t  GmeUn.  This 
foraiula  is  equal  to  ZH*,Mn,(CO*)*  +  aq".     Group  0. 

Basic  canmonio'manganous  oxalate,  iNH"  -)-  C*(NH*,Mn)0"  4- 
C«Mn"0»  +  8  aq,  Gmdin. 

These  elements  may  be  arranged  thus : 

Z»H"Mn"H»C?'0'"  H"0", 
And,  after  doubling  the  atomic  weight  of  C  and  0,  they  become 

Z"H"Mn"H»(X)"H"0*; 


u 


182  THE  OXALATES. 

And  these  atoms  may  be  grouped  into  a  quadraple  oxalate,  thus : 
zSmSo?  \  +  n*  =  (ZIPMn)',H ;  (Wy  +  aq\     Gmup  <L 

The  radical  ZH'Mn  is  an  ammonium,  in  which  H^  is  replaced  by 
MnV  The  constitution  of  this  class  of  azotised  compounds  will  be 
explained  in  a  subsequent  section. 

These  examples  of  oxalates  are  sufficient  to  show  what  dear  and 
intelligible  formulee  can  be  given  to  the  whole  of  them,  when  you 
adopt  the  monobasic  theory  and  abandon  the  hypothesis  which  assumes 
that  they  contain  the  lumbering  bases  that  are  called  sesquioxides. 

Nomenclature  of  the  Cowplex  Oxalates. 

AmCrc  ((Xf)*  Ammona  chromic  bicarbete. 
Ba  Ale  (CO')*  Baryta  alic  bicarbete. 
Am*Zn  (OO*)*  Ammonen  zinca  tricarbete. 
AmCrc*(CO")*  Ammona  chrominic  tetracarbete. 
AmK]fd  (00*)*  Ammonon  cadma  pentacarbete. 
Am^Mg(CO')*  Ammonun  magna  hexacarbete. 

It  does  not  seem  to  be  advisable  to  apply  names  to  very  complex 
oxalates ;  such  as  those  contained  in  groups  g  to  k, 

Tribasic  Oxalates.  Besides  the  multiple  salts  of  normal  oxalates, 
there  exist  some  others  of  which  a  brief  notice  may  be  taken.  The 
following  are  tribasic  salts,  formed,  like  the  tribasic  phosphates,  by  the 
combination  of  a  normal  salt,  with  a  salt  on  the  model  of  water : 

a.  H  C0«  +  HHO     =  H»  CO*  Hydrine  carbite. 
6.  UcCO«  +  UcUcO  =  Uc'CO"  Urinic  carbite. 
c.  PbCO«  +  PbPbO  =  Pb«CO»  Plumbine  carbite. 

Salt  a  is  the  ordinary  crystallized  oxalic  acid  =  C*H"0*  +  4  aq,  Gme- 
Un,  h  is  the  normal  uranic  oxalate  =  C*(2U*0')0*,  Gmelm.  c  is  the 
basic  oxalate  of  lead  =  4PbO-f  C*Pb*0»,  ^?m. 

Tetrabasic  Oxalates.  These  are  of  similar  constitution  to  the 
pyrophosphates — ^namely,  they  are  compounds  of  normal  oxalates  with 
tribasic  oxalates.     Examples: 

a.  AmCO*  +Uc  C0",UcUc0  =  AmUc',C*0*  Ammona  urinic  carbennte. 

b.  K    CO"+Uc  CO»,UcUcO  =  KUc«,   CW  Potassa  urinic  carbenute. 

c.  AmCO"+H  CX)*,    HHO  =  AmH",  C^3*  Ammona hydrinecarbenute. 

d.  Bic  C0«  H-Bic  CO*,  BicHO  =  HBic",  C«0*  Hydra  bismmic  carbenute. 

e.  SbcCO*  +SbcCO»,SbcHO  =  HSbc»,  OOf  Hydra  stibinic  carbenute. 
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Uitud  ruams, — a  =  oxalate  of  uranjle  and  ammonia  =  C*(U*0*XNH^)0', 
Oerhardt.  b  =  oxalate  of  uranyle  and  potash  =  C*K(U*0')C)*,  Gerhardt, 
cs  add  oxalate  of  ammonia  s  C*(H,NH^)0'  +  2  aq,  Gmelin ;  sometimes 
called  binoxalate  of  ammonia ;  in  accordance  with  which  we  can,  on  the 
radical  theory,  write  the  formula  thus :  AmOO'  +  HCXD*  +  aq.  There  is 
also  a  qoadroxalate  of  ammonia,  which  Gmelin  describes  as  the  hyperacid 
8alt=C*(H,im*J0^,C*H*0'  +  4  aq.  This  can  be  formulated  either  as 
a  qnadroxakte,  thus :  AmCO*  +  3HCO'  +  aq',  or  as  a  double  tetrabasic 
oxalate,  thus: 

H00»  +  HOO*,HHO  /  "  I       H*,CW  /  "  ^^^  ^^^^ ' 

d  =  Oxalate  of  bismuth  =  aBiO»,a(X)«,2HO. 

e  =  Antimonic  oxalate  =  C*(H,SbO*)0',  Gmelin, 


The  Carbonates. 

**  Though  but  a  feeble  acid,  the  carbonic  acid  unites  with  the  metallic 
protoxides,  and  forms  a  numerous  and  important  class  of  salts  which 
are  monobasic  ;  that  is,  they  contam  one  equivalent  of  the  acid  to  one 
equivalent  of  the  base,  like  carbonate  of  lime  (CaO,CO').  In  the  case 
of  the  alkalies,  a  second  equivalent  of  carbonic  acid  may  be  combined 
with  the  metallic  oxide ;  thus  with  potash  there  is  a  carbonate  (KO, 
OCf),  and  a  bicarbonate  (KO,HO,a(X)')  ....  The  carbonates  have 
considerable  tendency  to  combine  with  each  other,  and  form  double 
salts,  like  dolomite,  which  is  a  double  carbonate  of  lime  and  magnesia 
(MgQ,CO' +  CaO,00*). "  — Miller,  Elements  of  Chemistry  (1856), 
il,  p.  480. 

These  are  the  common  opinions  of  chemists  concerning  the  car- 
bonates. 

If  I  double  the  atomic  weight  of  carbon  and  oxygen,  the  formula 
for  carbonate  of  potash  becomes  KKCO",  that  of  bicarbonate  of  potash 
becomes  KHCO*,  and  that  of  dolomite  becomes  MgCaCO*.  In  short, 
caiiwnic  acid  becomes  bibasig  ;  not  bibasic  in  the  sense  in  which  the 
solphates  and  oxalates  are  assumed  to  be  bibasic ;  not  endowed  with  a 
bibasicity,  which  is  so  doubtful  as  to  require  a  million  of  plausible 
aigoments  to  be  advanced  in  support  of  it,  and  yet  remain  desperately 
uncertain  after  all,  but  bibasic  in  a  direct  sense,  the  truth  of  which  is 
demonstrable,  if  you  admit  the  atomic  weight  of  C  to  be  12,  and  that 
of  0  to  be  16. 

This  result  of  doubling  the  atomic  weights  of  carbon  and  oxygen  was 
pointed  out  to  chemists  by  Dr.  Clark  in  the  year- 1826  (see  page  8), 
and  was  repeatedly  urged  upon  their  attention  in  my  essay  of  1834; 
yet  up  to  this  day  the  carbonates  are  assumed  to  be  monobasic. 
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simply  because  chemists  will  not  double  the  atomic  weights  of  carbon 
and  oxygen :  they  will  be  forced  to  do  it  ultimately. 

The  oxalates  being  constituted  thus:  MO,CO,  the  carbonates  are 
constituted  thus :  MO,CO-f  MO.    They  are  consequ^tly  basic  oxalates. 

MO,CX)    «  Neutral  Oxalates. 
MO  +  (MO,(X))  =  Neutral  carbonates. 
HO  +  C  M0,C50)  =  Bicarbonates. 
MO  4-  (M0,00)  =»  Double  carbonates  (dolomite,  &c). 

NOMENCLATUSB  OF  THE  CARBONATES, 

The  names  are  framed  on  the  synoptical  formulae. 
I .  CaCa,    CO*    .     .     .  Oalcen  carbite. 


a.  KH,     CO* 

3.  MgOB,CO« 

4.  BaCa.   C0» 

5.  ZH*H,  C0« 

6.  FeFe,  00» 

7.  FeMg  CO* 

8.  PbPb,  CO* 

9.  CecCec,CO» 


Potassa  hydra  carbite. 
Magna  calca  carbite. 
Baryta  calca  carbite. 
Ammona  hydra  carbite. 
FeiTenous  carbite. 
Ferrous  magna  carbite. 
Plumben  carbite. 
Cerenic  carbite. 


Usual  names. — i,  Carbonate  of  lime.  2,  Bicarbonate  of  potash. 
3,  Carbonate  of  lime  and  magnesia,  or  bitterspar.  4,  Baiyta-caldte. 
5,  Bicarbonate  of  ammonia.  6,  Iron  spar,  or  carbonate  of  iron.  7,  Me- 
sitine-spar.  8,  White  lead  ore,  or  native  carbonate  of  lead.  9,  Ceric 
carbonate. 

Basic  Carbonates.  The  carbonates  not  only  combine  with  each 
other,  but  with  water,  and  with  salts  formed  on  the  model  of  water, 
and  thus  produce  a  great  variety  of  complicated  basic  salts. 

EZAHPLBB. 

1 1.  ZH^Mg,CO'  +  aq*.   Ammona  magna  carbite  aquete  =  carbonate  of 

magnesia  and  ammonia, 

12.  2(MgMg,CO')+3(CaCa,CO*).  Bis  magnen  carbite  tris  calcen  carbite 

s=  dolomite. 

13.  CaCdjCO"  -f-  3(MgMg,C0*).     Calcen  carbite  tris  magnen  carbite 

=  conite. 

14.  CucCucyCO*  +  CucHO.     Cuprenic   carbite  cum  cupric  hydrate 

=  blue  copper  ore. 

15.  CucCuCjCO"  4-  2  (CucHO).     Cuprenic  carbite  bis  cupric  hydrate 

=  malachite. 

16.  PbPb,CO*  +  PbHO.     Plumben    carbite    cum    plumbic    hydrate 

=  white  lead. 
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17.  PbRbiCO"  +  aPbHO.     Plumben    carbite    his    plumbic   1 

=  dicarbonate  of  lead. 
iS.  NaNa,CO'  +  4(PbPbC0*).  Natren  carbite  tetraklB  plumben 
=  carbonate  of  lead  and  soda. 

10.  MgAfgCO*  -f-  aq.   Magoen  carbite  aquate  =  Magnesia  alba. 

Id  some  casea,  the  basic  salts  of  a  single  met&l  are  very  nui 
and  preseat  combinations  for  which  it  is  difficult  to  provide 
names.     Tbe  following  is  an  example  of  such  a  series  : 

19.  Zq*CO".  Zincen  carbite. 

ja  Zn'CO'   +Z11'  HH)*.  Zincen  carbite  tris  anca  hydrate. 

11.  ZnKXy  +Zn'H'0'.  Zincen  carbite  cum  zincen  hydronite 
ai.  ZiKO'  -i-Zn*  H'O'.  Zincen  carbite  cum  zincad  hydronuK 
a}.(Zn»CO»)F+Zn*  HK)*.  Bis  zincen  carbite  cum  zincMi  hydra 
14.  Zn'CO*  +Zn'*H'(/.  Zincen  carbite  cum  zincabon  hydron 

No.  19  is  the  neutral  carbonate  of  zinc,  or  zinc-spar ;  the  oti 
buic  carbonates.  The  water  of  such  salts  is  usually  reckoner 
Ir  theae  ibrmnlse  and  names,  the  hydrc^^en  is  placed  with  tbe 
wiuxii  is  in  excess  of  the  quantity  that  belongs  to  the  noiinal  a 
(he  metal  is  reckoned  by  itself.  This  method  gives  a  clear  aco 
tbe  salts,  but  produces  names  that  have  on  awkward  appcorana 
treine  convenioice  and  extr^ne  accmracy  in  nomenclature  must 
be  difficult  of  combination  in  relation  to  basic  salts,  and  chemists 
determine  to  what  extent,  and  under  what  circumstances,  coat 
ind  accuracy  shall  give  way  to  each  other. 

Caebojtates  with  Compound  Positive  Radicai«, 

35.  CH'.CHV  CO"    .  .  Ethylen  carbite. 

j6.  CH'.CH' ;  CO"     .  .  Methjla  ethyla  carbite. 

ay.  K,CTP ;  CO"   .     .  .  Potassa  ethyla  carbite. 

a8.  CH'SCH" ;  CO*  .  .  Amylen  carbite. 

39.  CK:I',C»C1';  CO*  .  .  Chlorunic-elhylen  carbite. 

3a  Bii,CH»;CO"  .     .  .  Baryta  methyla  carbite. 

jl.  CH'.CH'jCO'    .  .  Butylen  carbite. 

Uisal  namM.— aj.  Carbonic  ether  =  C"H'*0*,  Gerhardt.  Ci 
Qfetiiyl  =  CH'0,C(^,  Gmelm.  26,  Carbonate  of  ethyle  and  i 
or  ethyl-methyl-carbonic  ether  =  dPO*.  Gerhardt  =  CH*0, 
CWCCO", Xolte.  a7,Carbethylateofpotash=KO,CH'0,CK)' 
iB,  Carbonate  of  amyl,  or  omylcarbonic  ether  =  C^H'V,  0> 
1%  Perchlorinated  carbonic  ether  =  O^'C,  Gnulin.  Perchloroi 
ptlier,  at  carbonate  of  perchlorinated  ethyle  =  CCl"©*,  Gerharo 
Cubomethylate  of  bar)te8.  3 1,  Carbonate  of  butyle  =  CTPO*  = 
CO*,  Gmim.     Wortz  gives  ns  tbe  following  choice  1^  formale 
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The  Chlorides. 

The  composition  of  hydrochloric  acid  is  represented  by  the  formula 
HG ;  that  of  the  ordinary  neutral  chlorides  is  represented  by  MCI. 

Is  hydrochloric  acid  a  monobasic  or  a  poly  basic  acid? 

Almost  every  chemist  will  reply  that  it  is  monobasic. 

Tet  we  find  such  compounds  as  these,  PtO'  and  AuCl*,  which  are 
produced  thus  :— 

H*,C1«  -  H«  +  Pt    =  Pta«  +  ff  disengaged. 
H«,a»  -  IP  +  Au  =  AuCl»  +  H»  disengaged. 

If  the  replacement  of  H"  and  IP  by  equivalent  quantities  of  other 
positive  radicals,  when  considered  in  reference  to  other  negative  radicals, 
constitutes  the  characters  of  b3)asicitt/  and  terbasidiy,  why  do  we  net 
give  to  bichlorides  the  title  of  bibasic  salts,  and  to  terchlorides  the  title 
of  terbasic  salts  ?  Why  are  PtCl*  and  AuCT  not  WTitten  Ptc^l*  and 
Auc»a>? 

Most  chemists  take  shelter  from  this  difficulty  mider  Dalton's  law  of 
combination  in  multiple  properties.  *'  It  frequently  happens,"  says  Pro- 
fessor Miller,  ''  that  chlorine  combines  with  the  same  metal  in  more 
proportions  than  one ;  for  example,  with  iron  a  protochloride  (Fed) 
and  a  sesquichloride  (Fe*Ci")  may  be  formed ;  with  platinum  a  proto- 
chloride (PlCl)  and  a  bichloride  (PlCl*)  may  be  obtained ;  and  gene- 
rally, for  each  oxide  of  the  metal  which  is  capable  of  uniting  with  acids 
to  form  salts,  a  corresponding  chloride  exists." — Elements  (^  Chemistry, 
ii.  520. 

Gerhardt  treats  the  question  as  foDows : — 

**  The  chlorides  which  correspond  to  mineral  bases  are  monatomic, 
biatomic,  or  triatomic,  according  as  the  bases  are  derived  from  one,  or 
two,  or  three,  molecules  of  water. 

a.  Chlorides  of  monatomic  bases : — 

Chloride  of  potassium     .     .     .  CIK. 

Chloride  of  silver ClAg. 

Chloride  of  platinosum     .     .     .  ClPt. 
(  =  Protochloride  of  platinum.) 

6.  Chlorides  of  biatomic  bases  : — 

Chloride  of  platinicum     .     .     .  Cl«Pt  =  CI*  |  ^^ 
(  =s  Bichloride  of  platinum). 
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c.  Chlorides  of  triatomic  bases : — 

fal. 
Chloride  of  alnminium  .     .     .     CPAP  *  CI*  id. 

lal. 

fbi. 

Chloride  of  bismnth ....     Cl'Bi    =  CI*  \  bi. 

Ibi. 

{au. 
au. 
au." 
-—Traiti  de  Chmk  OrgamquSj  tome  iv.  712. 

Gerhardt's  theory  appears  to  me  to  be  much  preferable  to  the  theory 
which  is  commonly  received  by  chemists,  and  which  is  expressed  in  the 
above  quotation  fix>m  Professor  Miller.  The  doctrine  that  two,  or  three, 
and  even  five  or  seven  atoms  of  chlorine,  can  combine  with  one  atom 
of  a  metal  to  form  a  chloride,  seems  to  rest  on  no  good  foundation. 
It  is  much  simpler  to  suppose  that  every  chloride  is  a  compound  of 
two  radicals,  one  atom  of  chlorine  and  one  atom  of  metal,  and  this 
view  is  in  accordance  with  the  constitution  of  most  chlorides,  provided 
we  agree  with  the  doctrine  that  it  is  possible  for  certain  metals  to  form 
two  different  chemical  atoms,  the  basylous  and  basylic  atoms,  which  I 
have  explained  in  the  article  at  page  32. 

This  doctrine  is  expressed  in  Gerhardt's  propositions,  quoted  above, 
bat  it  is  almost  smothered  by  the  *'  model  of  water "  theory  with 
which  the  **  chloride"  theory  is  needlessly  intermixed. 

The  salts  that  are  referred  to  by  MUler  and  Gerhardt  in  the  above 
quotations,  I  should  formulate  and  name  as  follows  : 

Miller's:—  Fe  CI    =  Fe  a  .  .  Ferrous chlora. 

—  Fe«Cl*  =  Fee  CI  .  .  Ferric  chlora, 

—  PtCl    =  Pt  CI  .  .  Platous  chlora. 

—  Pt  CI"  =  Ptc  a  .  .  Platic  chlora. 

Gerhardlfs :— CI  K    =  K    CI  .  .  Potassa  chlora. 

—  CI  Ag  =  Ag  CI  .  .  Argenta  chlora. 

—  CI  Pt  =  Pt  a  .  .  Platous  chlora. 

—  Ci'Pt   =  Ptca  .  .  Platic  chlora. 

—  Cl«Al"=AlcCl  .  .Alic  chlora. 

—  Cl'Bi    =  BicCl  .  .  Bismic  chlora. 

—  Cl'Au  =  AucCl  .  .  Auric  chlora. 

The  value  of  these  symbols  is  given  in  the  Table  at  page  28. 

In  this  manner,  these  chlorides  are  all  representable  as  monatomic 
chlorides,  or  salts  of  monobasic  hydrochloric  acid.  I  cannot  perceive 
that  any  advantage  is  derived  from  Gerhardt's  triple  formulae,  such  as : — 
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f  al.  (  bi.  f 

a*  laL  C\*\  bi.  Cl»  { 

laL  Ibi.  I 


au. 
au. 
au. 


These  symbols  remind  one  of  the  arithmetic  of  a  savage,  who  can 
only  mark  3  by  marking  i  three  times. 

The  notion  that  every  chloride  is  a  salt  containing  bat  one  atom  of 
chlorine  is,  no  doubt,  liable  to  certain  exceptions — such,  for  example, 
as  the  pentachlorides  of  antimony  and  of  phosphorous,  which  com- 
pounds, like  the  pentasulphides,  I  confess  myself  unable  to  recondle 
with  the  common  salts  of  the  radical  theory.  I  do  not,  indeed,  be- 
lieve that  P*  and  S*  ever  combine  directly  with  one  atom  of  another 
radical,  yet  I  am  not  prepared  to  offer  any  other  satis&ctoiy  explana- 
tion of  this  difficulty.  There  is  a  discovery  yet  to  be  made  in  reference 
to  the  functions  of  these  multiples  of  S,  CI,  and  some  other  elements. 
Some  kind  of  compound  radiod  is  probably  produced,  but  of  a  kind 
that  is  not  at  present  comprehended. 

Multiple  Chlorides. — The  chlorides  combine  with  each  other  to 
produce  double,  triple,  and  quadruple  chlorides. 

Examples  of  Double  Chlorides. 

1.  ZH^Cuc;  CI*    •     .     •  Ammona  cupric  chloren. 

2.  ZH*Alc,Alc;  CI*    .     •  Alicam  alic  chloren. 

Examples  of  Triple  Chlorides. 

3.  Am,Mg*,Cl'  •     .     .     •  Anunona  magnen  chlorine. 

4.  ZIPAlCjAli^yCl*      .     .  Alicam  alenic  chlorine. 

5.  K,Ptc*,Cl*     ....  Potassa  platenic  chlorine, 
o.  Am,Ptc',Cl'  ....  Ammona  platenic  chlorine. 

Usual  names. — i,  Protochloride  of  copper  and  ammonium,  NH*J3C1 
-I-  CuCl,  Gmdin.  2,  See  azotic  radicals,  No.  60.  3,  Double  chloride  of 
magnesium  and  ammonium  =sNH^Cl,  2 MgCl.  4,  See  azotic  radicals, 
No.  61.  5,  See  platinum.  No.  20.  6,  See  pktinum,  No.  22.  All 
these  triple  chlorides  admit  of  another  formula,  viz., 

AmCl  -4-  2MgCl  s  Ammona  chlora  bis  magna  chlora. 
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Theory  of  Azotic  Badicals. 

The  radical  azote  combines  with  other  radicals  to  produce  compound 
positive  radicals.  In  doing  this,  it  controls  the  affinities  of  those 
radicals  to  snch  an  extent,  ^t  their  ordinary  satmnting  capacities  are 
totally  paralysed,  and  remain  so  as  long  as  the  combination  endures. 
This  power  of  control  azote  exercises  in  two  degrees. 

Ivrst  degree. — One  atom  of  azote  combines  with  two  radicals  to 
fenn  a  triple  compound ;  which  may  be  represented  by  the  formula 
ZMM,  which  compound,  consisting  of  three  radicals,  has  a  saturating 
power  equal  to  that  of  one  ladioEd ;  in  other  words,  the  saturating 
capacities  of  the  two  radicals,  MM,  are  paralysed,  and  the  radical  Z 
alone  retains  its  saturating  power. 

Second  degree, — One  atom  of  azote  c(»nbines  with  four  radicals  to 
fivm  a  quintuple  compound,  which  may  be  represented  by  the  formula, 
ZMHMM ;  which  compound,  consisting  of  five  radicals,  has  a  saturat- 
ing power  equal  to  that  of  one  radical ;  so  that  here  again  the  saturating 
capacities  of  four  radicals  are  paralysed. 

The  symbol  M  in  these  formulffi  signifies  hydrogen,  or  any  metal,  or 
any  hydrocarbon  which  has,  separately,  the  properties  of  a  radical, 
either  positive  or  negative. 

The  metalloids,  Cl,Br,I,  the  element  oxygen,  and  all  nitrogenous 
compounds,  are  excluded  from  the  number  of  Qie  radicals  that  can  com- 
Inne  with  azote  to  produce  the  compound  radicals,  now  under  con- 
aderation.  This  exclusion  is  strictly  insisted  on ;  because  many  chemists 
allow  themselves  a  great  licence  in  this  particular.  But  while  CI,  Br, 
and  I  are  excluded,  as  radicals,  from  among  the  radicals  that  can  replace 
M  in  the  compounds  ZM*  and  ZM^  it  is  not  intended  to  exclude  the 
vice-radicals  of  which  these  metalloids  are  constituents  by  substitution. 
See  page  131.  No  hydrocarbons  are  excluded  from  the  replacing  radi- 
cals, foT  even  those  of  the  most  powerful  negative  energies  are  capable 
ci  producing  ammoniums,  and  lose  their  saturating  capacities  while 
under  the  domination  of  azote. 

This  governing  power  is  exercised  by  azote  only  in  these  two  degrees, 
and  the  products  of  its  action  are  so  far  under  the  control  of  the  che- 
mist, that  he  can  at  pleasure  experimentally  convert  the  compound 
ZM'  into  the  compound  ZM\  and  the  compound  ZM^  into  the  compound 
ZM* ;  but  this  he  can  do  only  while  the  xx>mpounds  are  in  combination 
with  other  radicals.  He  is  unable  to  isolate  either  ZM*  or  ZM^  and 
their  existence  is  consequently  not  to  be  proved  by  experiment,  but  only 
to  be  inferred  from  circumstantial  evidence,  the  nature  and  extent  of 
which  we  proceed  to  take  into  consideration. 

It  is  to  be  understood,  therefore,  that  this  *'  theory  of  the  azotic 
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radicals"  is  not  to  be  a  bare  enumeration  of  facts,  but  is  to  include  the 
exposition  of  a  *'  theory  "  of  the  azotic  radicals,  and  a  thecxy,  too, 
which  differs  in  a  great  many  respects  from  any  that  has  hitherto  been 
submitted  to  the  consideration  of  chemists.  After  tracing  the  outline 
of  the  theory,  I  shall  adduce  a  multitude  of  facts  and  examples  to  sup- 
port it. 

When  an  azotic  radical  of  the  first  order  a  ZM'  contains  hydiog^ 
only,  it  produces  the  compound  ZH\  which  is  commonly  called  amh 
dogm.  This  term  it  is  proposed  to  abridge  to  Amid,  which  is  then  to 
be  made  subject  to  the  numeral  terminals  which  have  been  proposed  for 
all  radicals,  namely — 

ZIP.  (ZH«)«.  (ZH»)». 

Amida.  Amiden.  Amidine. 

When  this  radical  assmnes  the  form  ZHM  or  ZMM,  it  is  to  be  con- 
sidered as  a  Vice- Amid,  or  substitute  for  the  normal  amid,  ZH*. 

When  an  azotic  radical  of  the  second  order  ZJA*  contains  hydrogen 
only*  it  produces  the  compound  ZH\  which  is  coomionly  caUed 
ammonium.  This  term  it  is  proposed  to  abridge  to  Ammon,  which  is  to 
be  made  subject  to  the  usual  numeral  terminals ;  thus — 

ZH*.  (ZH7.  (ZH*)*. 

Ammona.  Ammonea.  Ammonine. 

When  the  radical  ZH*  assumes  any  of  the  forms  ZWM,  ZHW, 
ZHM*,  ZM*,  it  is  to  be  considered  as  a  Vice-Ammon,  or  substitute  for 
the  normal  ammon  ZH*. 

The  symbol  M  in  the  above  formulas  signifies  dther  a  metallic  radical 
or  a  hydrocarbon  radical. 

Nomenclature  of  Vige-Amids  axd  Vice-Ammons. 

Since  the  vice-amids  and  vioe-ammons  differ  from  normal  amid  and 
normal  ammon  only  by  containing  metallic  radicals,  or  compound  radi- 
cals, in  place  of  hydrogen^  atom  for  atom,  it  follows,  that  if  the  names 
of  such  vice-«mids  and  vice-ammons  can  be  made  to  nominate  and  enu- 
merate the  replacing  radicals,  they  will  give  all  the  information  that  is 
requisite  for  the  accurate  discrimination  of  the  respective  axnpounds. 
Such  a  nomenclature  can  be  arranged  as  follows : 

A.  Discrmination  of  Vice-Amids. 

Case  a.  Suppose  H'  in  ZH*  to  be  replaced  by  a  hydrocarbon,  say 
phenyl  CH*,  so  as  to  produce  the  vice-amid  ZH,C^*.  The  name  is 
to  be  Phenylac,  where  phenyl  indicates  the  replacing  radical ;  a  shows 
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the  number  of  replacing  atoms,  and  c  is  an  arbitrary  sign  which  sig- 
nifies a  yice-amid. 

Case  5.  Suppose  IP  in  ZH*  to  be  replaced  hj  two  atoms  of  the  same 
hydrocarbon,  say  (CH*)",  producing  a  vioe-amid  of  the  form  Z,C?H', 
C^H*,  or  Z(CTa*)*.  The  name  is  to  be  Phkntlec,  which  differs  from 
the  former  only  in  having  the  letter  e  to  intimate  the  presence  of 
two  atoms  of  phenyl,  instead  of  the  letter  a  to  intimate  a  single 
atom. 

Case  c.  When  H*  in  ZH*  are  replaced  by  two  different  hydrocarbons, 
«ay  Methyl  dP  and  Amyl  CH",  producing  the  vice-radical,  Z,CH», 
C^IF^  The  name  is  to  be  Methtlio-Amtlac,  where  the  name  of  the 
more  basic  of  the  two  radicals  is  used  as  an  adjective  to  qualify  the 
name  imposed  on  the  vice-amid  by  the  other  more  add  radical.     See 

Case  cL  When  the  replacing  radical  is  a  metal.  The  name  is  then 
derived  from  the  abridged  names  of  the  metals  that  are  given  in  the  last 
oolmnn  of  the  Table  of  Elements,  printed  at  page  28.     Examples : 

ZHE  =  PoTAssAC.     ZHAg  =  Aboentac.     ZKK  s  Potassbc. 

Bat  if  the  replacing  metal  is  one  of  those  which  have  two  different 
chemical  atoms  (the  basylous  and  basylic  atoms),  the  distinctive  marks 
of  those  different  atoms  must  be  retained  in  the  name  of  the  vice-amid. 
See  pages  33  and  87.    Examples : 

ZHHg  =  Mebousac.        ZHHgc  =  Meeioac. 

B.    DiscrimmUion  of  Vioe-Amnums. 

The  vice^mmons  can  be  distinguished  from  one  another  by  a  nomeo- 
datore  exactly  similar  in  principle  to  that  which  has  been  appUed  to 
the  vioe^imids,  only  changing  the  arbitrary  terminal  of  each  name  from 
c  to  m, 

Gase  e.  The  vice-ammon  is  represented  by  the  formula  ZH*,Cfl\ 
Name :  Acettlam.  This  name  indicates  an  ammonium  in  which  one 
atom  of  hydrogen  is  replaced  by  one  atom  of  acetyl  =  CH'.  Any  other 
hydrocarbon  may  occur  in  place  of  acetyl.  This  is  the  most  numerous 
and  most  important  class  of  the  vice-ammons. 

Gase/.  The  replacing  radical  is  a  metal.  Formula :  ZH'Ag.  Name : 
Aboentam. 

Gase  g.  The  replacing  radical  is  a  basylous  metal.  Formula :  ZH'Cu. 
Name:  Cupbousam. 

Gase  h.  The  replacing  radical  is  a  basylic  metal.  Formula :  ZIPPtc. 
Name:  Platicam. 

Gase  i.  The  replacement  of  H',H',IP,H*,  in  ZH*,  by  a  similar 
Dimiber  of  other  radicals,  produces  a  series  of  compounds  which  require 
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tbe  following  brma ;  metbyl  is  taken  as  an  example,  but  a 
cal  may  occur  iDsteail 

ZIP.CH*.        JVanw;— Methtlam. 

ZH*(CH')».       —         MBTHTijai. 

ZH  (Cff)*.      —        Methtliii. 

Z    (Clf)*.      —        Methylom. 

When  the  hydrogen  in  ZH*  is  replaced  by  two  different 
The  nameti  are  regulated  in  this  case  on  tbe  principle  that  has 
ibed  under  case  c. 


P,{CTI')',  Jiime  : — METiiTUC-ETHYLm,       (a.) 

Cfl'.CH'.  —  ACBrYUOPHENTLAM,       (6.) 

Jff.OTt'.C^BP.       —       ToLDBarnjc-CTHTLEii.    (c.) 

(a)  intimates  that  tbe  vice-amraon  is  an  ammonium  in  which 
•en  replaced  by  three  atoms  of  ethyl  (CTH*)',  and  which  would 
simply  require  the  nune  etiu/lim;  but,  aa  the  foorlh  atom  ttf 
lias  been  replaced  by  methyl  CH*,  it  is  necessary  to  quslily  the. 
he  vice-ammon  by  the  prefix  meA^Uo-,  In  like  manner,  the 
intimates  the  modification  that  is  made  in  a  phmylam, 
1  that  contuns  one  atom  of  phenyl,  by  the  replacemc 
am  of  its  hydrogen  by  acetyl.  Finally,  the  name  (c)  inti: 
irice-ammon  coat^ns  two  atoms  of  ethyl  and  one  atom  of 

In  this  case,  the  name  of  the  single  at^  is  used  to  qoalify 
iflforded  by  tiae  two  atoms.  This  is  with  a  view  to  simplicity 
latore.  But  as  toluenyl  is  an  add  ladical,  this  practice  is  coo- 
le  mle  laid  down  wider  case  c ;  to  which  rule,  however,  it  is 
inform  by  describing  ZH,<?H>,<?U*,<7ir  as  ethylenic-ldn- 

When  a  vice-ammon  contains  more  than  two  Idnds  of  radiols 
drogen,  the  name  must  at  present  conust  of  a  mere  enomera- 
constituents. 

P.CTT,  CH".     ^ame ;— Zot>-methyla-ethy]en-amyl8. 
P,CH",CH' .         —         Zot-methyla-ethyia-amjlarphenjla. 

ne  now  applied  to  Z,CH»,(?H',CH',CH"  is  methylodiethyi- 
>ntum,  so  that  in  this  case,  the  new  nomenclatare 
rading.  When  we  know  a  greater  number  of  the  compomub 
IB,  we  may  be  able  to  form  a  more  compendious  nomenclature 

minals  applied  to  the  tuun(>s  of  zotic  radicals  can  never  be  tnis- 
Jiose  that  are  recommended  to  be  applied  to  radicals  proper. 
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or  to  oxidised  radicals.  See  page  85.  The  names  are  therefore  not  only 
short,  bat  in  every  case  exact  and  free  from  doubt 

For  the  sake  of  the  convenience  which  is  afforded  when  we  can  speak 
of  difierent  classes  of  compounds  in  general  terms,  it  is  proper  to  add  the 
following  definitions : — 

Amd  is  the  normal  compound  ZE*.  The  vice-amids  are  of  two 
idnds;  amidacs,  in  which  H*  is  replaced  by  another  radical  =  ZHM; 
and  amidecs  in  which  H*  are  replaced  by  two  other  radicals  =  ZMM. 

Ammon  is  the  normal  ammonium  ZK*,  with  which  the  common 
s\'mbol  Am  is  equivalent     The  vice-ammons  are  of  foiur  kinds : 


Anmionam  =  ZGPM. 
Ammonem  =  ZH*M'. 


Ammonim  =  ZHM'. 
Ammonom  =  ZW, 


When  M  in  these  formul®  is  replaced  by  the  symbol  of  a  compound 
radical,  the  words  amid  and  ammon  in  the  corresponding  names,  are  to 
be  replaced  by  the  names  of  the  replacing  radicals.     Thus : — 


ZH,CriP  =  Phenylac. 
Z(C?H")«  =  Amylec. 


ZH»,CH*  =  Phenvlam. 
Z(C*H'»)*  :=  Amylom. 


REIaATION  OF  THE  AhIDS  TO  THE  AmMOKS. 

The  amids  and  ammons  of  every  description  usually  act  in  salts  as 
pofitive  radicals.  The  basic  properties  of  the  ammons  are  stronger  than 
those  of  the  amids ;  hence  the  amids  can  act  as  negative  radicals  towards 
the  ammons.  Difierent  amids  can  also  act  as  negative  and  positive 
radicals  towards  one  another.  Generally,  but  not  always,  nor  necessarily, 
the  salts  of  the  amids  with  oxygen  acids,  contain  one  atom  less  of 
oxygen  than  is  contained  in  the  corresponding  salts  formed  by  the 
ammons.  The  reason  of  this  is,  that  the  governing  power  of  the  azote 
IS,  so  to  speak,  expansive  and  contractive,  and  can  be  made,  at  the  will 
of  the  chemist,  to  control  either  MM  or  MMMM ;  in  consequence  of 
wiuch  property,  the  salts  of  the  amids  and  ammons  are  reciprocally  con- 
vertible the  one  into  the  other  by  reactions  that  are  expressed  in  the 
foQowing  equations : — 

(a.)  (ZMMMM)O  +  RO  =  [(ZMM)  +  RO]  +  M,MO ; 
or,  synoptically,  ZM*,RO*  =  ZM«,RO  +  M,MO. 

(6.)  [(ZMM)  +  RO]  +  M,MO  =  (ZMMMM)O  +  RO ; 
or,  synoptically,  ZM«,RO  +  M,MO  =  ZM*,RO*. 

where  R  signifies  any  acid  radical ;  M  =  H  or  any  equivalent  of  H. 

In  reaction  a,  two  radicals  are  removed  firom  the  salt  in  company 
with  one  atom  of  oxygen.  The  salt  is  thereby  reduced  to  a  lower  degree 
of  oxidation,  and  the  ammon  is  converted  into  an  amid.  In  reaction  6, 
the  operation  is  reveraed. 

0 


n  of  Ammons  into  Amidt. 
lay  be  aiustrated  by  a  spedal  example  :~ 


nidogen.  { 

in  be  made  to  displace  the  radical  H  in  oxalic  acid 
e  the  salt  ZH'.CO*,  or,  as  it  may  be  expressed  ta  an 
3*0,00,  This  salt  is  commoiily  called  oxalate  of 
of  oiide  of  ammoniam.  By  an  eiperiment,  the 
K>t  belong  to  the  (|nestian  under  consideration,  the 
tn  be  decomposed  into  two  other  salts,  thus : — 


nia  we  have  a  salt  that  is  not  formed  on  the  modd 
s  water  contains  one  oxidised  ladical  sud  one  on- 
salt  contains  two  oxidised  radicals.  In  process  a, 
I,  ZH*,  is  split  up,  by  chemical  means,  into  three 
and  these  three  radicals,  with  the  single  atom  of 
atoms  of  oxygen,  produce  two  salts  that  are  really 
of  water ;  one  of  tiiem  being  actually  water  H,HO, 
vhose  structure  is  similar  to  that  of  water  ZH*,CO. 
y  called  oxamid.  In  accordance  with  the  proposed 
it  would  be  called  amida.  cakbate  ;  this  name  i 
ine  atom  of  unoxidised  amidc^en  acting  as  a  basic  I 
om  of  carbon,  acting  as  an  add  radical  in  combins- 
f  oxygen.  The  doctrine  of  the  formation  of  salts  on 
i  pMticularly  valuable  in  aiding  the  explanation  of 
the  azotic  radicals.  There  cannot  be  the  least  donbl 
ydrate  of  hydrogen  =  H  +  HO,  namely,  a  salt  con- 
H>  oxamid  is  thecarbate  of  amidogen  =  ZH*+CO, 
two  radicals ;  and  as  this  explanation  of  the  equa- 
lly to  salts  of  normal  aroidc^en  and  normal  auimo- 
all  the  varieties  of  vice-emids  and  vice- amnions,  it 


f  Amids  into  Ammons. 

ion  &),  it  needs  only  to  be  remarked,  that  the  ei- 
E  the  formula,  only  the  inversion  of  tiiat  of  equation 
ZH',CO  is  subjected,  by  proper  chemical  means,  to 
,  the  governing  power  of  Z  is  enlarged,  the  non- 
(comea  reconverted  into  the  oxidised  amnion  ZH*©, 


1X)nBLE  SALTS  07  AMIDa   AND 

and  the  original  salt,  the  oxalate  of  ammoaia,  ZH'OiCO  < 
thocoaghly  reconstitated. 

Double  Salts  amtaiaing  Ammons  ami  Amids. 

The  salts  of  the  amids  and  die  salts  of  the  ammons  ha^ 
dencf  to  combine  with  one  another,  and  thus  to  product 
Ewx,  ozamid  ZH*,CO  combines  with  oxalate  of  ammonii 
produce  the  double  salt  which  is  represented  by  the  , 

^^S'^1  =  Zff.ZIPjCT)*. 


This  salt  is  commonlj'  called  oxamate  of  ai 
the  prevalence  of  a  notion  that  it  ia  the  ammonia-salt  of 
B  called  OXAHIC  ACiD,  and  which  add  is  assumed  to  amtai 
riBT  ^  if*  Acid  Radical.  The  radical  theory  repudiates 
any  acid  radical  can  conlua  amidc^ien  as  one  of  its  constil 
cording  to  the  radical  theory,  osamic  acid  is  a  double  salt 
(namid  and  hydrated  oxalic  acid,  thus : — 

Zff.CO  +^,00*  =H',Zir;C 

^^  I  Oxamid  +  OxaUc  acid       =  Oxamic  ac 

yf***^  I  Amida  carijate  +  Hydra  carbete  =  Hydra  ami 

In  these  Ibnnnlffi,  H"  signifies  an  atom  of  hydrogen  that 
by  a  positive  radical,  either  a  metal  or  a  hydrocarbon. 

This  double  salt  can,  like  oxamid,  have  its  unoiidised 
mentally  enlarged  by  the  addition  of  HHO  to  oiidised 
cwiseqQence  of  which  enlargement  is,  that  the  so-called 
ccmverted  into  binoialate  of  ammonia.     Thus : — 

H-.Zff;  CT)-,  or  {  ^'J*, }  +  HHO  =  |  ^j 

What  has  been  said  here  respectjng  the  metamorphoses 
snd  amid  of  a  salt  that  has  carbon  for  its  add  radical,  is  i 
salts  that  have  n^ative  hydrocarbons  for  their  add  radii 
mjJes  will  appear  in  the  following  Tablt 


NoKENCLATimE  OF  THE  DotTBLE  SALTS  OF  AmIDS  AI 

The  name  of  a  double  salt  which  conttuns  a  salt  of  an  t 
either  with  a  neatral  salt  of  an  ammon,  or  of  any  single  r 


I  formnla  or  tbe  st^noptical  fbrmnlo.  The 
ious  name,  and  tnll  be  geneTally  used. 

'  Add  Eadicd  is  Carbon. 

=  H^dra  amida  carbenite.  ^  ' 

=  AmmoDa  amida  carbenite. 
=  Argenta  amida  carbenite. 
=  Methyla  amida  carbeaite. 

itf  Radicd  is  a  ffydrocarbon. 

=  Hydra  amida  auccinjienite. 

=  Argenta  amida  enccinylenite. 
O*  =  Hydia  phenylac  caniphorylenite. 

le  last  Bait  is  as  follows ; — 

CH'O  +  H,c*iro*. 

phoiylate  cum  Hydra  caiuphorylete. 
ain  amids  are  volatile.     None  of  the  salts 
tile.     Some  of  the  double  saltij  that  con- 
ate  volatile ;  but  they  have  not  yet  been 

Salts  of  Amidooes. 

mt  of  the  theory  of  the  azotic  radicals,  thp 
tioDally  avoided.  But  it  it  is  now  time  to 
word,  and  I  commence  by  requesting  the 
of  ammonia  that  has  been  already  given 
.,  and  it  is  to  be  here  repeated,  Uiat  ain- 
a  SALT.  Its  composition  is  commonly 
-I'.     M.  Gerhardt  gives  it  as 

WH 

Ih 

It  theory,  it  is  ZH*  +  H,  which  fomula 
lely,  a  hydride  of  the  radical  ZH*.  This 
it«  of  gas,  an  atomic  meastu«  aitioo  wlutnra, 
)roof,  and  certainly  affords  a  strong  pre- 
npound  of  tvio  radicals.  All  the  volatile 
are  represented  at  page  99,  agree  with 
property  of  having  an  atomic  measure  of 


I 


I  . 


i'. 


n 
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SALTS  OP  AMIDS  AND   AUMONS   DlSCBIUt! 

two  volumes,  and  there  is  probably  no  exception  to 
It  IB  reasoDable  to  infer,  therefore,  that  all  the  hydr. 
are,  like  luamonia,  not  radicals,  but  sails — crwi^iounda 
Iq  page  loO,  another  table  is  given  of  a  series  of 
■Ktonds,  which  are  commonly  called  saits  of  ammoni 
the  ODO  Darned  sal-ammoQiac,  or  hydrochlorate  of  . 
taken  as  the  model.  These  salts  have  each,  in  the 
atomic  measure  of  fom'  volumes,  which  is  an  indicatit 
of  four  radicals,  or  the  constituents  necessary  to  pro" 
in  each  compound.  When  we  examine  the  formula 
.wefindittobeZH',H  +  H,Cl.  We  have  here  the 
two  salts,  the  hydride  of  amidogeu,  which  of  itself 
sure  two  volumes,  and  the  hydiide  of  chlorine,  or 
^hich  also  is  known  to  measure  two  volumes.  These 
exist  separately,  and  each  having  the  measure  of  two 
without  condensation  to  produce  the  double  salt,  tb< 
vnmoD  ia,  which  has  consequently  an  atomic  meastin 
because  it  is  a  compound  of  four  jHdicals  =  (ZH*  -)-  S 
But  upon  this  explanation  there  follows  a  difiit 
ammoniac  is  brought  into  the  stat«  of  solid  crystal; 
poood  which,  in  its  form,  and  in  many  of  its  chemicat 
agrees  with  the  salt  that  is  called  chloride  of  potass 
ride  of  potassium  is  considered  to  be  a  direct  corapc 
with  chlorine,  a  bitiary  compound  in  accordance  with 
and  we  have  to  account  for  the  pecuhar  circumstane 
a  compound  of  two  radicals,  a  simple  salt^KCI,  sh 
the  countcrpnrt  of  a  salt,  the  gaseous  properties  of  w 
be  a  double  salt  of  the  formula  ZH'.H  +  H,C!.  Th 
planation  of  this  difficulty  seems  to  be,  that  the  elem 
ute  sal-ammoniac  form  In  fact,  under  different  circu 
ereiit  sntts.  In  the  gaseous  state,  they  produce  a 
hydrochlorate  of  ammonia  =  ZH',H  +  H,CI,  and  in  t 
IDS  States  they  produce  a  simple  salt  =  the  chlorii 
?H*  +  CI,  In  other  words,  the  gaseous  salt  conta 
be  solid  salt  contains  ammoniom.  In  the  solid  stai 
of  azote  is  exercised  over  H*;  in  the  gaseous  slate 
Admitting  the  &cts,  that  the  salts  of  the  vice^mids  e 
ile,  and  those  of  the  vice-ammons  are  always  Rxed, 
quite  in  accordance  with  our  eicperimental  evidence, 
nearly  to  demonstration  as  drcumstantial  evidence 
ipected  to  do. 
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Salts  of  Ammonium. 


The  theory  which  I  have  just  explained  applies  to  all  the  compotuids 
that  are  commonly  called  salts  of  Ammonia  and  Ammonium ;  in  &ct  to 
all  the  salts  that  are  formed  by  the  cdlnbiuation  of  ammonia  with 
hydrated  acids,  whether  oxidised  or  non-oxidised.  Thus  it  applies  to 
the  following  salts : — 

Proposed  Names.        Present  Names. 

ZH^Cl  =  Ammona  chlora      =  Chloride  | 

ZH*,Br  =  Ammona  broma     =  Bromide  I    /.  a  •  -^ 

rr-rxAT  A  -J  T  j-j        /  oi  Ammomum* 

ZH%I  =  Ammona  loda         =  Iodide      j 

ZH*,Cy         =  Ammona  cyana      =  Cyanide  ) 

ZH^ySO*       =  Ammona  sulphete  s  Sulphate  } 

ZH*,NO^       =  Ammona  nitrite     =  Nitrate     I    r  a  -^ 

ZH*,CO"       =  Ammona  carbete    =  Oxalate    [ 

ZH*,CTPO»  =  Ammona  acetylete  =  Acetate   ) 

The  salts  tha*  are  produced  by  the  combination  of  anomonia  with 
anhydrous  oxygen  acids  will  be  described  in  the  com«e  of  the  following 
inyestigation. 

Ammonl^ted  Salts. 

Under  the  head  of  ammoniated  salts,  chemists  commonly  place  a  s^es 
of  compounds  which  have  not  been  alluded  to  in  the  preceding  theory. 
They  consist  of  neutral  salts,  either  of  hydracids  or  oxacids,  combined 
with  two  atoms  of  ammonia.  The  following  are  examples  of  such  salts 
expressed  in  the  formulae  in  common  use : — 

a,  Ammoniated  chloride  of  silver  =  AgQ  +  aH,N. 
5,  Ammoniated  nitrate  of  silver  =  AgO,NO»  +  aH,N. 
c,  Ammoniated  sulphate  of  copper  =  CuO,SO,  -f-  aH^N, 

[To  these  formaUB  0  =  8.] 

The  formulse  provided  for  these  compounds  by  the  theory  now  under 
discussion  are  as  follow : — 

a.  ZH*Ag,Cl  +  ZH*,H  =  Argentam  chlora  cum  Amida  hydnu 
6.  ZH*Ag,NO»  +  ZIP,H  =  Argentam  nitrite  cum  Amida  hydra, 
c.  ZIPCuc,SO*+  ZH",H  =  Cupricam  sulphete  cum  Amida  hydra. 

According  to  the  new  theory,  these  compounds  are  all  regular  double 
salts.  Half  the  ammonia  converts  the  metal  of  each  salt  into  an  ammo- 
nam.  The  other  half  combines  as  a  salt,  the  hydride  of  amidogen,  with 
the  ammonium  salt,  to  produce  a  compound  salt.  This  method  of  ex- 
planation will  be  found  to  clear  away  a  variety  of  difficulties  which  ac- 
company the  ordinary  theories  respecting  the  compound  mercury  and 
platinum  bases.    See  the  section  on  salts  of  platousam. 
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Examples  of  Azotic  Badicals. 

Having  brieHj  explained  the  proposed  theory  of  azotic  radicals,  I 
proceed  to  support  its  principles,  and  develop  its  details,  hy  adducing  a 
nomber  of  examples. 

The  salts  which  contain  azotic  radicals  are  so  numerous  and  varied, 
and  they  figure  in  chemical  books  under  so  many  different  names  and 
fbrmuls,  and  are  made  the  foundation  of  so  much  classification  and 
theorizing,  that  it  is  difficult  to  compress  a  lucid  account  of  them  into 
the  narrow  space  which  is  necessarily  allotted  to  them  in  this  Essay. 

I  have  to  prove  that  the  proposed  theory  is  of  general  applicability ; 
that  its  fbrmuhe  are  accurate ;  and  that  its  nomenclature  is  sufficientlv 
flexible  and  comprehensive  to  answer  the  purpose  for  which  it  is  recom- 
mended. 

This  proof  requires  a  considerable  number  of  examples.  I  have  col- 
lected nearly  a  thousand.  They  do  not  by  any  means  constitute  a  com- 
plete catalogue  of  the  salts  of  the  azotic  radicals,  but  they  afford 
specimens  of  the  most  characteristic  varieties.  I  have  arranged  them  in 
groups  which  will  exhibit  the  different  classes  of  salts  of  the  azotic 
radicals.  I  have  given  them  the  names  and  formulae  that  are  demanded 
by  the  radical  theory,  and  I  have  added  a  series  of  explanatory  notes, 
which  contain  the  ordinary  names  and  formulae  of  the  selected  salts,  and 
serve  not  merely  to  identify  them,  but  to  lead  to  the  discussion  of  a 
series  of  knotty  questions  respecting  azotic  radicals,  upon  which  at 
present  the  opinions  of  chemists  are  either  divided  or  unsettled. 

These  notes  will,  however,  neither  depict  all  the  formulse,  nor  recite 
all  the  synonymes,  which  the  ingenuity  of  chemists  has  contrived  for  these 
so-called  '*  organic  bases,'*  which  substances  infinitely  exceed  all  other 
chemical  compounds  in  the  variety  of  the  &ncy  costumes  in  which  they 
have  been  made  to  masquerade. 

Ammonias. 

Section  i. — Ammonias,  in  which  H*  is  replaced  by  another 

Radical.    Htdrides  of  Amidags. 


1.  ZH,C»H";  H 

2.  ZH,C«H'  ;  H 

3.  ZH,C*H»  ;  H 

4.  ZH,C?H";  H 

5.  ZH,(?H";  H 

6.  ZH,C«  H»  ;  H 

7.  ZH,C«IPP;H 

8.  ZH,C  H;     H 

9.  ZH,C»H*;  H 


Amylac  hydra. 
Acetylac  hydra. 
Butylac  hydra. 
Conylac  hydra. 
Cumenylac  hydra. 
Ethylac  hydra, 
lodenic-ethylac  hydra. 
Formylac  hydra. 
Leukylac  hydra. 


H»;  H      . 

.     Methylac  hydra. 

IF;  H    . 

.     Naphtylac  hydnu 

a;  H    .      . 

.     Ratrac  hydra. 

'H";H    . 

.     Octvlac  hydm. 

H'jH     . 

.     Phenykchydia. 

■HH^I  i  H  . 

.     Chloric-phenyUc  hydi«. 

'H»CP;H 

.     Chtorenic-pheDylac  hydra. 

H'BrjH. 

.     Bromic-phenylac  hydia. 

H^;H  . 

.     Bromenic-phenylac  hydra. 

H'ljH     . 

.     lodic-pheoylac  hydra. 

;H      .     . 

.     Potassac  bydia. 

w.n    . 

,     Propyiac  hydra. 

Win    . 

.     Tolueoylac  hydra. 

H';H      . 

.     Valerylac  hydra. 

H*iH      . 

,     Xylenylac  hydra. 

MOHUS    in    WHICH    H*    AKE    EEPLACED    by   OTHEB 

Radicals. 

lODACS  COMB 

UED  WITH  Acm  Ramcaia 

IPjCTl'. 

.     Ethylac  acetyla. 

H^CTP. 

.     Phenylac  beniyla. 

H-jCTI'. 

.     Methytac  ethyta. 

'H';C?H'. 

,     Acctylac  phenyla. 

'H";  CTl' . 

.     Amylac  ph^nyla. 

'H';CTI'. 

.     Ethylac  pbenyla. 

'H';C?H'Cl 

.     Ethylac  chloric-phenyla. 

IPiCTI*. 

.     Methylac  phenyla. 

KjCTl'. 

■     Potassac  phenyla. 

H'jCTT. 

.     Ethylac  propyla. 

H»;C?ir. 

.     Ethylac  toluenyla. 

B).  Hydiudes  of  Auidecs. 
;",C»H"  i  H  .  .  Amylec  hydra. 
:»,CH' :  H  .  .  Ethylec  hydra. 
'.CEP ;  H .  .  .  Methylec  hydra. 
',CIF;  H     .     .     Piopylec  hydra. 

moxias   in  which  h"  are   replaced    bt   other 
Radicals. 
Salts  of  Ahidks. 
a.   The  three  Hadicah  are  unlike, 
'.CTP ;  C*H"     .    Me%H(>ethylac  amyla, 
',CH";  C*H'.     .     Ethylic-amylac  jAenyla. 
'.CTi' ;  CIP .     .     MeUiylic-ethylac  i^enyla. 


AMMONIAS. 
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h.  The  three  Radicals  are  dike. 


43.  Z,C?H",C*H»;  C*H" 

44.  Z,C*«H",C«H»;  C*«H» 

45.  Z,C«H»,CH»  ;CH* 

46.  Z,CH»,CH» ;  CH» .     . 

47.  ZCu,Cu;  Cu   .     .     . 

48.  ZHgc,Hgc;  Hgc.     . 

49.  2K,K;K.     .     .     . 


Amylec  amyla. 
Cetylec  cetyla. 
Ethylec  ethyla. 
MeUiylec  methyla. 
Cuprousec  cuprous. 
Mericcec  meric. 
Potassec  potassa. 


c.   Tvoo  bam  and  one  addBaduxH. 


30.  Z,C^*,  C«H* ;  C»H"  . 

51.  Z,C*H»,C?H";  C?H»  . 

52.  Z,CH»,  C«H» ;  C  H»  . 

53.  Z,C*H",G»H";  C'H*  . 

54.  Z,(?H*,  CTS* ;  €?«•  . 

55.  Z^CT'H*,  (7H* ;  OB^Q 

56.  Z,CH»,  C«H» ;  C7H'  . 


Ethylec  amyla. 
Amylec  ethyla. 
Ethylec  methyla. 
Amylec  phenyla. 
Ethylec  phenyla. 
Ethylec  chloric-phenyla. 
Ethylec  toluenyla. 


Usual  Names  and  FoRMaL^  of  the  Ammonias. 


No.  I.  ZH,C^ir*;  H  is  commonly  denoted  by  one  of  the  tiiree  fol- 
lowing formulffi : — 

H 
H 


C"^fl"N,  or  C»*H",H«N,  or  N  | 


These  three  formulae  (in  which  C  =  6)  may  be  taken  as  models  of 
the  formulae  that  are  usually  given  to  the  ammonias  Nos.  i  to  24  in  the 
list,  and  it  is  consequently  needless  tp  quote  them  all.  In  the  same  way, 
die  ammonias  have  not  only  a  variety  of  formulae,  but  a  variety  of 
names;  No.  i,  for  example,  being  (»lled  amylamine,  amylia,  and 
azotore  (or  nitride)  of  amyl  and  of  hydrogen.  I  shall,  for  the  sake  of 
brevity,  only  quote  such  of  these  names  as  serve  either  to  identify  the 
cora]x)unds,  or  to  exhibit  some  of  the  vagaries  of  chemists,  or  to  illustrate 
important  or  disputed  doctrines: — -j,  Amylamine.  a,  Acetylamine; 
acetylia.  3,  Butylamine;  butyria;  tetrylia.  4,  Conine;  conia.  ;,  Cu- 
midine.  6,  Ethylamine;  ethylia.  7,  lodetbylamme.  8,  Formylia. 
9,Leukol;  quinoUne.  10,  Methylatpine;  methylia.  1 1,  Naphtylamine. 
13,  Azoture  of  sodium  and  hydrogen.  13,  Octylia;  caprylia.  14,  Ani- 
line ;  phenylamine ;  phenylia ;  phepyl^ide ;  crystalline ;  krystallin ; 
kyanol;  benzidam.  15,  Chloraniline.  16,  Bichloraniline.  i*^,  Bro- 
manlline,     18,  Blbromaniline.     19,  JLodaniline.     20,  Amidide  of  potas- 
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slum.     21,  Propylamine;  tritylia;  tritylamine ;  metaoetamine ;  oeny- 
lamine.     22,  Tolaidine.     23,  Piperidine.     24,  Xylidine. 

25,  Ethjl-aoetylia.  26,  benz-anilide.  27,  Methyl-ethylamine.  28, 
Phenylaoetylia.  29,  Amylophenylamine ;  amylaniline.  jo,  Ethylaniline* 
ethyphenylamine.  31,  Ethyl-chloraniline.  32,  Methylaniline.  33* 
Auilide  of  potassiam.     34,  Ethyl-propy lamine.     35,  Ethyl-tolaidine. 

36,  Diamy lamine.  37,  Diethylamine ;  diethylia.  38,  Dimethyla- 
mine;  dimetbylia.     39,  Dipropylamlne. 

40,  Methyl-ethyl-amy lamine.  41,  Ethyl-amylo-phenylamiae.  42, 
Methyl-ethylo-phenylamine.  43,  Triamylamine ;  triamylio.  44,  Tri- 
oetylia;  tarioetylamine.  4^,  Triethylamine.  46,  Trimethylamine.  47, 
Azotore  of  cnprosom.  48,  Nitride  of  mercury.  49,  Azotore  of  potas- 
siam. 

50,  Biethylcvamylamine.  5 1,  Biamylo-ethyUunine.  C2,  Methyl-die- 
thylamine.  53,  Diamylo-pbenylamine.  54,  Biethylaniline.  55,  Bie- 
fchyl-cfaloraniline.     56,  Diethyltolnidine. 

Salts  of  Vice-Ammons. 

The  following  is  a  list  of  Salts  of  V ice-Ajimons  ;  that  is  to  say,  of 
Salts  of  Ammoniam,  in  which  the  Hydrogen  has  been  more  or  less  re- 
placed by  other  Radicals. 

Group  A.  Ammonams  =  ZH]*M. 

57.  ZIP,CW;  a    .    .    .     .     Acetylam  chlora. 

58.  ZEP,C"H» ;  HO  .    .     .     .    Acetylam  hydrate. 

59.  ZIP, Ale ;  CI      ....     Alicam  chlora. 

00.  ZH',Alc;  CI  +  AlcCl .    .  Alicam  chlora  cam  alic  chlora. 

61.  ZIP, Ale;  CI -f- 2 AlcCl   .  Alicam  chlora  bis  alic  chlora. 

62.  ZIP,Ag;  CfH"C)»    .     .     .  Argentam  indylite. 

63.  ZIP,Ag ;  CrO*  -|-  ZH*H  .  Argentam  chromete  com  amida 

hydra. 

64.  ZH"Ba ;  C»H»0»     .     .     .    Barytam  indylite. 

65.  ZIP,C*H» ;  CI    .     .     .     .     Butylam  chlora. 

66.  ZH",Coc ;  C0«  +  ZH'H   .     Cobalticam  carbete  cum  amida 

hydra. 

67.  ZIP,Cuc;  CO*  ....     Cupricam  carbete. 

68.  ZH",Cuc ;  CO*  +  CucCO'     Cupricam  carbete  cum  cupric 

carbete. 

69.  CacCO*  +  ZH^CO"    .     .    Cupric  carbete  cam  ammona 

carbete. 

70.  ZIP,CfH* ;  CO* .     .     .     .     Ethylam  carbete. 

71.  ZIP,C'H*;  HO.     .     .     .     Ethylam  hydrate. 

72.  ZIP,C«H*;a    ....     Ethylam  chlora. 
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73.  ZH-.tWife   .     .     .     .  Ethylamb 

74.  ZH',{?H*;  a  +  jAdcQ  Ethylam  cl 

75.  2H'.C?H';a  +  HgcCl    .  Ethylamcl 

76.  Zff.CH'jCO*  .     .     .     .  Metbylaiii 

77.  ZH'.CH- ;  CO"  +  HCO'  .  Hydra  met 
7B.  ZH",CH' ;  a      ....  Methylam 

79.  ZH'.CH';  Br    ....  Methylam 

80.  ZH'.CH';!      ....  Methylam 

81.  ZH*,CH';a  +  HgcCl    .  Methylam 

cblora. 

83.  ZH'.CH";  a  +  3AUCCI  .  Methylam 

83.  ZH'.CH';  a  .     .     .     .  Naphtylam 

84.  ZH'.CH';  Br ...     .  Naphtylam 

85.  ZH'.CH';  I    ....  Naphtylam 

86.  ZH'.Ni ;  CO*  +  NiCO»    .  NicoUoiaai 

colloaai 

87.  ZH'.CTP;CO'      .    .     .  Phenylami 

88.  ZH',C'H*Bt;CO».     .     .  BnMnic-ph( 

89.  ZH-.C^H^I :  CO*    .     .     .  lodic-phenj 

90.  ZH'.CH' :  Br  .     .     .     .  Phenjlam  I 

91.  ZH'.CH';  a   .     .     .     .  Phenylam. 
93.  ZH'.CH*;  I     ....  Phenylam: 

93.  ZH'.CH'Br;  a     .     .     .  Broroii>ph€ 

94.  ZH'.CH'CI ;  Cl      .     .     .  Chloric-phe 

95.  ZH'.CH*!;  a.     .     .     .  lodic-pheni 

96.  ZH'.CH" ;  a  +  3Ptca  .  Phenylam 

97.  ZH'.CH';  P0»      .     .     .  Pbeoylami 

98.  {ZH',CH')'.H;  PO*  .     .  Phenylame 

99.  ZH'.CH';  H'jPO'   .     .  PheDylamJ 
100.  (ZIP.CH')',H';  P'Cf      .  Phenylame; 

pheneze. 


101.  ZH»,K;CTPO»     . 

103.  ZH'.CH';  Cl    ....  Toluenjlam 
lOj.  ZH'.CH';  a +  3PtcCl  .  Toluenylan 

104.  ZH»,Cff ;  a  +  3AqcC1  Toluenylair 

105.  ZIP.CH'iCO'4-HCO'  Hydratolui 

Gbodp  B.  Ahuonems  =  ZH* 

106.  Zff.Hgc*;  a  .     .     ,     .  Mericcem  t 

107.  ZH'(CH'/;I  .     .     .     .  Methylem; 
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[■,CH',C'*H';  I      .     .     Ethylic-naphtylam  ioda. 
[•,Hgc,CH';  a      .      .     Meric-phenylam  cWora. 
[•(CH')';  HO  .      .      .      Benzylera  hydrate. 
n,CH»,CH';  Br    .     .     Ethyiic-phenylam  broma. 
['.OTP.CH'ja+aPtcaEthylic-lolaenjIamcbloi^bis 
platic  cklora. 

Gboup  C.  Auuokihs  ■>  ZHM*. 


[,(CH")»;  a 

Araylim  chlora. 

[.fCH')M   .     . 

.     Methylim  ioda. 

[.CTI'.Cff.CTP;  Br  .     Phenylic^thvlem  broma. 

[.CW.CIP.OTF; 

.     Toluenylic-ethylem  ioda. 

[,CH',C?H',C»H"; 

Cll     Amylic.«thylem  chlora  bis 
i        platic  chlorft. 

J-aPtcQ 

GttODP  D. 

Ahhonohs  =  ZM'. 

[';  HO   .    .     . 

.     Ammona  hydrate. 

I';  a     .     . 

.     Ammona  chlora. 

E';  CO"    .     . 

Ammona  carbete. 

I'jHjCCC)' 
[';  H-;  (CO*)* 

.     Hydra  amroona  bicarbete. 

[•iCH'O'     . 

,     AininoDa  iodylite. 

C*H"Y;I     . 

.     Ainylom  ioda. 

C?H"y;  HO 

,     Amylom  hydrate. 

CH*y ;  I      . 

.     Ethylom  chlora. 

.     E%lom  ioda. 

CH'y;HO. 

.     Etbylora  hydrate. 
:n  .     Ethylom  chlora  bia  platic 

CH*y;Cl  +  aPtc( 

chlora. 

™')';  Cl  +  5Au< 

•CI      Ethylom  chlora  ttis  auric 
chlora. 
.     Methylom  ioda. 

opyi 

CH')';  HO  .     . 

.     Methylom  hydrate. 

OH'y  i  CI  +  aPtcC 

.     Methylom  chlora  bis  platic 

chlora. 
.     Mericom  carbete. 

[(tCjOO-     .    . 

cwy.cH'M. 

.     Amylic-ethylim  ioda. 

C^*y.CH";HO 

.     AroyUc-ethylim  hydrate. 

CH*)',CH";a  + 

1     Amylic-ethylim  chlora  bis 

fPtcCI 

f         platjc  chlora. 

CWy.C^'jHO 

.     Phenylic-ethylim  hydrate. 

CH'S'.CTP;  HO 

.     Tolnenylic-ethyliTO  hydrate. 

CHV.Cm' ;  CI  + 

1     Toluenylic-ethylim  cfalota  bia 

iPtcCl 

i         platic  chlora. 
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[•,((?H7;I     .     .     .     .  Methylioethylim  ioda. 

I'<?H'<?H'  C*H"- I     i  ^o*-'"^%l'''*%l™""'")'l* 

'        '        '           'I  ioda. 

H*,(?H',CH',CH";  CI    (  ZotrmethyU-elhylen-amjla 

.  aPtcCl                            \  chlora  bis  platic  cUora. 

H'(7H'CH",(7H';I      j  Zot^«thyk-ethyla-ainyk- 

'         '          •          '          \  phenyk  ioda. 

H».(?H',CH",(?H';H0i  Zot-methyla^thyU^yU- 

'        '         '        *         \  phenyla  hydrate. 

I  Zot-methyla^hyla'aniyla-pbe- 

[  nyla  chlom  biB  platic  chlora. 

Tames  and  Forudls  of  the  Salts  of  the  Vicb- 
Avuoss. 

UP  A.  AuuONAUE  =  ZIPM.     No«.  57  to  105. 

)'drat«  of  acetosamioe.     58,  Hydrated  oxide  of  acetylium. 

of  alumina  with  ammonia  =  jNH»,Al'a'.  60,  Ditto,  in- 
tween59and6i.  61,  Ditto  =  NH*,A1'C1'.  SeeGmdin's 
L  J!0.  6a,  lactate  of  silver,  see  Indigo,  No.  7].  63, 
■nate  of  ammonia  ^  NH'AgO  +  KH'.CrO",  Gmeiin.  64, 
65,  Hydrochlowte  of  batylamine  =  CNH",HCl,  Omelm. 
oialftt«  with  ammonia  =  laNH*  +  CCoK)"  +  6  aq., 
•  occurrence  of  a  basylic  atom  in  company  with  ammonia  is 
thatthis  analysis  is  probably  incorrect.  67,  Cupric  oxalate 
08  of  ammonia  =  aNH'.CCu'O',  Gmrfm.  68,  Dittowith 
inia  =  NH',CHXi*0',  Gmeiin.  69,  Ammonio-cupric  oialate 
3)0',  Gmtim:  70,  Oxalate  of  ethykmine  =  C*(CH'N)*0'. 
Hydrate  of  ethyl-ammonium  =  o|jj/(TOj>Tp  Gerhardt. 
orate  of  ethylamine,  or  chloride  of  ethyliura  =  C*IFN,HCI 
Gmeiin.  73,  Equivalent  to  73.  In  this  and  similar  cases 
Uess  to  repeat  the  names  and  forrouls  merely  to  exchange 
id  I.  74.  Chlor(>«urate  of  ethylamine  =  CH'N,  HCl 
?H'NCl,AuCl',  CfW/in.  75,  Chloro-mercurate  of  ethvla- 
TJ,HC1  +  HgCI,  Gmiin.  76,  Oxalate  of  methylamine 
)Ky,  Gmeiin.  77,  Binoialate  of  methykmine  =  C{H, 
main.  j8,  Chloride  of  methyl-ammonium  =  C1.N(CH')H', 
lydrochlorate  of  methyiamine  =  CH'N,HCI,  Gmeiin.    79, 

and  69  contain  water  of  crystallization,  which  is  not  ex- 
le  above  formulte.  I  shall,  for  the  sake  of  brevity,  omit 
tallization  in  all  cases  where  it  does  not  affect  the  argo- 
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Equivalent  to  78.  8t,  Cbloro-mercarate  of  methj-lamine  = 
aCl,  HgCl,  Gmeiin.  82,  Cbloro-aurate,  equivalent  to  Bl. 
.rhydrate  of  naphtylflmine  =  (?°H'N,HC1,  Gtrhardt.  84  and 
jvalent  to  8j.  86,  Oxalate  of  nickel  with  aromonia  =>  NU* 
C,  Omelin.  87,  Oxalate  of  anQine  ^  {^C.C'TPN  +  HO, 
I.  88,  Oxalate  of  bromaniline  =  (70',C"(H*,Br)N,H0.  Hi^- 
S9,  Analogous  to  8S.  90  to  g;.  See  Aniline,  Nos.  13  to  17.' 
imun-eolt  of  the  bydrochlorate  of  aniline.  97  to  100,  S«e 
N08,  la  to  35.]  101,  laatate  of  potash,  see  Indigo,  No.  7.]' 
■drochlorate  of  toluidine.  loj,  Platin-chioride  of  toluidine. 
rochloride  of  toluidine.     105,  Binoialate  of  toluidine. 

Group  B.  Auhoneus  =  ZH*M'.  Noa.  106  to  113. 
Ifenniric  amido-chloride ;  infhsible  white  precipitate  =  Hg,NH* 
^aM  =  Hg'N  +  HgQ  +  NH'CI,fiflninwfe6«y  =  N  r^j^a, 
107,  Iodide  of  dimethylammonium  =  (HH.CH'.C^jNI, 
1.  loS,  Iodide  of  ethyl-naphthylammonium.  109,  See  Aniline 
10.  Dibenioylimide  =  (TH "NO",  Poison,  ill,  Hydrobro- 
ithylophenjl amine.     1 1  a,  Cbloroplatinate  of  ethyl-tolnidine. 

GhoopC.  AMMOJriMa  =  ZHM",    Noa,  113  to  117. 

lydrochlorate  of  triamylamine  =  C"H"N,HC1  =  (C"'H")»N,HC1, 
I.  1 14,  Iodide  of  trimethylararaoniura  =  (H,CTP,CH*,CTP)NI. 
1.  115,  Bromide  of  diethylophenylammoniuni.  116,  Iodide 
'l-toluenylammonium.     117,  Platinum-stdt  of  diethylamylam- 

Gboup  D.  Ahxohoms  =  ZM*.  Nos.  118  to  146. 
Flydrated  raude  of  ammonium,  or  solution  of  ammonia  in  water 
HHO.  1 19,  Chloride  of  ammonium,  or  hydrochlomte  of 
.;  see  page  197.  130,  Oxalate  of  ammonia;  see  page  194. 
salt  =  C'(2NH')0',  Gmeiin.  121,  Acid  oxalate  of  ammonia 
,NH*)0',  Gmeiin.  122,  Hyperacid  oxalate  of  ammonia  = 
l')(y,G'HKf,  OmeUii.  123,  Isatic  acid;  see  Indigo,  8.] 
iide  of  tetramylammonlura  =  (C'°H")'NI,  ffofinann.  125, 
1  oxide  of  tetramylammoniiun  =  (C"'H")'NO,HO,  Hofmana. 
loride  of  tetretliylammonium  =  (Cff)'NCI.  127,  Iodide  of 
immonitun  =  (C'H')'NI,  Hofmann.  128,  Hydiated  oxide  of 
ammonium  =  (CH')*NO,HO,  Hofmann.     129,  Platinura-Balt 

he  cases  where  compounds  are  ftiUy  explained  in  the  sections 
Indigo,  Aniline,  &c.,  instead  of  repeating  the  explanations,  I 
^r  to  them  by  numbers. 


ethykmmomnm  =  (ClP/NCi,  PtCl*.  Hofmann.      134, 
tramercuraromomum  =  C(NHg')'0*,  Geriardt.     135,  loi 
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oftdrediylammomam  =  (C^^NCl.PtCl',  Hofmam}  ijo 
oftetrathylamnioninin  =  (C*IP)*NCi,AuCl',  AToflTiaBfl.  131 
tetramethylammonium  =  (CTP^'NI,  Hoftnmn.  13a,  Hydi 
cpfletramrthylammonram  (CH')'NO,HO.     133,  PlatJnum-Ba 

hylamykmnioninm  (CH*)',  C'^H",  NI.  136,  Hydiited 
iethylunylamniomuin.  137,  Platinum-salt  of  triethylamylai 
[B,  Hydiated  oride  of  triethylophenylammoniuia  C^H^CH" 
^tiatai.  GmeUo  aagnmes  in  this  salt  the  presence  of  a 
hich  he  calls  trivinaniiiD  =  C"NH"  =  C"(CH')'NH*,H'. 
Bted  oxide  of  triethyl-toluenjUmmoniiun.  lAo,  Chlorop 
iethyl-toIueDylammoDinm.  141,  Iodide  of  trietoylomethyli 
(?H'(CH*)»NI,  H<^ma«n.  lis.  Iodide  of  methylodi 
[UDcniam,     14],  The  platiiiiim-sait  of  the  chloride  of  meth 

Q*  h'  I  NC],Pta', 
C"H" ) 

ICIP 
CH' 
mil.  145,  The  hydratcd  oxide  of  methylethyUniylophenyla 
^^nonn.     146,  The  platinmn-salt  of  the  last  base 

ICHM 
^,g!,lNCl,PtCl»  Hb/matm. 
C"H') 

'  Dr.  Hofmann's  formulw  of  the  ammonoms  are  generally 
e  folbwing  style,  which,  in  this  iuabnce,  and  in  many  othei 
have  compressed  in  the  t«xt  to  save  room  : 


C"H-Na,PtCP  =  {  Xw  ^  NCl,PtCl' 


C*H' 
CH» 

What  advantage  is  gained  by  inflating  the  formula  of  ai 
itil  it  occnpies  fonr  lines? 
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Investigation  of  the  Compounds  which  are  produced 
by  the  abstraction  of  Water  from  the  Salts  of 
Ammonia. 

"  The  sdts  of  oxide  of  ammonium,  both  neutral  and  acid,  when 
subjected  to  the  influence  of  heat,  lose  either  two  or  four  equivalents  of 
water,*  four  classes  of  compounds  being  thus  produced;  neutral  oxalate 
of  oxide  of  ammonium  by  the  loss  of  two  equivalents  of  water  becomes 
oxamide,  while  by  the  elimination  of  four  equivalents  of  water  cyanogen 
or  oxalo-nitrile  is  formed.  Binoxalate  of  ammonia,  when  losing  two 
equivalents  of  water,  is  converted  into  oxamic  acid.  A  compound  arising 
from  the  binoxalate  by  the  loss  of  four  equivalents  of  water  has  not  as 
yet  been  formed ;  this  term,  however,  is  foimd  to  be  represented  among 
the  derivatives  of  the  ammoniarsalts  of  various  other  adds,  e.  g.,  of  cam- 
phoric and  phthalic  acids,  camphorimide  and  phtalimide  being  bicam- 
phorate  and  biphtalate  of  ammonia  —  4  equivalents  of  water.  We 
may  thus  distinguish  as  derived  from  the  ammonia-salts  by  loss  of 
water — 

1.  Amides. 

2.  Nitriles. 

3.  Amidogen-adds. 

4.  Imidogen-compounds.   (Imides)." 

— Hofinann,  Quarterly  Journal  of  the  ChemkoH  Sodett/  (1849),  ii.  331. 

I  have  copied  Dr.  Hoiinann's  classification,  because  it  has  been  adopted 
by  several  chemists.  I  propose  to  examine  the  constitution  of  the  com- 
pounds which  constitute  these  four  classes,  and  to  show  in  what  fbnns 
they  respectively  appear  when  viewed  in  the  light  of  the  Radical 
Theory. 

*  In  Hofmann's  numbers  two  equivalents  of  water  =  HO  -}-  HO. 
This  is  only  one  equivalent  on  the  radical  theory  =  H,HO. 


Amids  produced  by  the  abstraction  of  o 
HHO  from  the  Neutral  Oxalates  of  T 


mnms 

147.  ZIP;C»   .     . 

148.  ZH,CrH*;CO 

,    JZH.CrH*;C01 
'^IZIP         ;  COf 

150.  ZUCEPiCX) 

151.  ZUCWjCO 
153.  ZH,C»H";  CO 


Amida  carbate. 

Phenylac.  carbate. 
IPheDylaccarbate 
\     caibate. 

Afethyldc  carbate. 

Etliylac  carbate. 

Amylac  carbate. 


UsvAL  Names  of  thise  AwDe. 
147.  Oxamide  =  HTHCW  =  a(IPN)C?0'  =     ff[ 

tide,  or  diazoture  of  oxalyle  aod  hydrogen  =s  <7H*N' 

trhardt.     CAd'O'.O*,  Gmelin. 

The  rationale  of  the  prodnction  of  this  compound 

14.    I  have  mcluded  oiamide  in  this  section,  for  the  1 

I  rebtioD  to  other  amids. 

DiTMAs's  Theory  op  Oxauide. — "  It  has  been  auppo 

^t  be  represented  by  two  binary  elements — oxide 

iiticalar  azotme  of  hydrogen  less  bydrogenated  thai 

hich  has  not  yet  been  isolated.     Oxamide  under  that  t 

ay  +  A^n: 

etween  these  two  components  we  have  to  tod  that 
^tive  part,  and  onr  choice  is  reai^ly  directed  by  th 
leia&ni.  We  know  that,  in  general,  wh^  a  body  d( 
i  negative  element  takes  ap  the  hydrogen  and  its 
le  oxygen.  Consequently,  as  oxamide  decomposes  1 
le  state  of  oxalate  of  ammonia,  we  see  that  the  azott 
hicb  takes  np  the  hjdn^en,  must  be  the  native  ( 
•e  oxide  of  carbon  which  unites  to  the  oxygen  must  a 
ement  in  tlie  componnd." — Dninas,  IVaiti  de  Chin 
W»  (Liege,  1847),  partie  Orgaaique,  tome  i.  p.  64. 
Aixoidinfr  to  M.  Dumas,  amidogen,  —  ZH*,  acts  in  < 
art  that  chlorine  or  cyanogen  acts  in  neutral  salts. 
>dical ;  while  CO,  or  oxide  of  carbon,  acts  as  the  p( 


210       AMIDS  FROM  THE  NEUTRAL  OXALATES  OF  VICE-AMMONIUMS. 

radical.  The  sole  ground  for  this  opinion  is,  that  oxamide  combines 
with  water  to  produce  oxalate  of  ammonia ;  and  M.  Dumas  infers  thence, 
that,  since  ZH'  combines  with  IP,  ZIP  must  needs  be  an  add  radicsl« 
That  is  his  whole  evidence,  and  very  poor  evidence  it  is.  At  the 
time  of  the  discovery  of  oxamide,  M.  Dumas  could  not,  of  course,  trace 
its  true  character  as  clearly  as  we  can  trace  it  now ;  but  the  assumptions 
that  ZIP  could  be  an  acid  radical,  and  that  CO  could  be  a  basic  radical, 
seem  to  me  to  be  extravagant  even  for  that  period.  They  certainly  are 
suggestions  which  would  not  have  been  list^ed  to  for  an  instant  fiom  a 
man  who  had  been  less  successful  in  the  world  than  M.  Dumas. 

148,  Oxanilide;  aniloxamide.  See  Aniline,  No.  40].  149,  Ox- 
anilamide;  oxamid-aniloxamide.  See  Aniline,  No.  41].  No.  148  is 
the  amide  of  the  vice-ammon  oxalate.  No.  87 ;  and  No.  149  is  a  double 
salt,  composed  of  No.  147  and  No.  148. 

150,  Dimethyl-oxamide,    or  f  CO' 
diazoture  of  dimethyle     C*  IP  N«0«  =  NN  (C  IP)« 
and  oxalyle.                                                  (      IP 

151,  Diethyl -oxamide,     or  f  C*0" 
diazoture  of  diethyle    C  H"N«0«  =  N«  I  (C«H«)« 
and  oxalyle.  I      IP 

152,  Diamyl- oxamide,      or  f  CSy 
diazoture   of   diamyle    C'«IP*N«0*  =  N«](C*H")« 
and  oxalyle.                                                  [      IP 

The  last  three  names  and  formuke  are  Gerhardt's.  *  In  these  fonnuhe 
everything  is  doubled^  because  Gerhardt  chose  to  consider  oxalic  add  as 
bibasic.  I  have  elsewhere  shown  the  weakness  of  his  arguments  on  that 
point  (see  page  177).  Independently  of  the  bibasic  &llacy,  the  present 
examples  are  objectionable  in  another  important  particular:  he  formu- 
lates oxidised  salts  as  ammonias — that  is  to  say,  as  vice-ammonias,  or 
substitutes  for  ZIP,H'.  In  doing  this,  he  assumes  that  the  add  radical 
of  the  salt  with  all  the  oxygen  is  one  of  three  forces  which  act  equally 

[CO 
upon  the  azotic  atom.      Thus,  Z  <  CIP.     This  assumption  is  of  course 

Ih 

gratuitous:  it  gives  rise  to  complicated,  and  therefore  troublesome, 
formulsQ ;  and  it  conveys  notions  respecting  the  constitution,  not  only 
of  ammonias,  but  of  salts  in  general,  which,  in  my  opinion,  are  quite 
inaccurate,  and  which  are  totaUy  at  variance  with  tlie  great  prindple  of 
the  radical  theory,  that  all  salts  are  compoimds  of  two  raicals.  For 
these  reasons  I  entirely  reject  Gerhardt's  ammonia  type.  In  simplldtj 
and  comprehensiveness  it  is  much  inferior  to  the  plan  which  is  pro- 
vided by  the  radical  theory. 
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Amids  produced  by  the  abstraction  of  one  atom  of 
HHO  from  the  Neutral  Salts  that  are  formed  by 
Normal  Ammonium  with  Organic  Acids. 


153.  ZIP,C"H»0 

154.  ZH«,C«C1»0 

155.  ZH«,CH'0 

156.  ZH«,(7H*0 

157.  ZH«,C*H'0 

158.  Zff^C^H'O 

159.  ZH*,0»IFO 

160.  ZH«,C»"H"0 

161.  ZIP,C?H  O 
163.  ZH«,C»  H»  O 

163.  ZH«,C«H»0» 

164.  ZH«,C*H*0» 

165.  ZH«,C»H*0» 

166.  ZH«,C»«H^O 

167.  ZH«,(7  W*0 

168.  ZH«,C»H»0 

169.  ZIP,C*H«0 

170.  ZH«,C*H«0 

171.  ZH«,C"H«0 

172.  ZH»,C"H«0* 

173.  ZH«,C*  H»  O 


Proposed  Names. 

Amida  acetylate     . 
Amida  chlorinic-acety 
Amida  anisylate    . 
Amida  beuzylate  . 
Amida  butyrylate . 
Amida  camphorylate 
Amida  cimiamylate 
Amida  cmnylate  . 
Amida  fumarylate 
Amida  indylate     . 
Amida  indylete     . 
Amida  lactylete     . 
Amida  mucylite    . 
Amida  naphtylate. 
Amida  oenanthylate 
Amida  propionylate 
Amida  sebamylate 
Amida  snbeiylate  . 
Amida  succinylate. 
Amida  tartrylete  . 
Amida  valerylate  . 


Usual  Names. 

.  Acetamide. 

ate  Trichioracetamide. 

.  Anisamide. 

.  Benzamide. 

.  Butyramide. 

.  Camphoramide. 

.  Cimiamide. 

.  Cuminamide. 

.  Fumaramide. 

.  Indigo  blue. 

.  Isatine. 

.  Lactamide. 

.  Mucamide. 

.  Naphtylamide. 

.  (Enanthamide. 

.  Propionamide. 

.  Sebamide. 

.  Suberamide. 

.  Succinamide. 

.  Tartraiuide. 

.  Valeramide. 


It  is  mmecessary  to  qnote  more  than  the  usual  names  of  the 
substances  contained  in  this  list  They  all  bear  a  similar  relation  to 
corresponding  salts  of  ammonia.  Thus,  No.  153]  =  ZH^CEPO  amida 
acetylate,  is  commonly  called  acetamide,  and  has  the  formula  H*N,C*H'0*. 
The  addition  of  HHO  to  the  new  formula  No.  153,  converts  it  into 
ZH*,C*IPO*  =  ammona  acetylete,  which,  in  the  usual  language  of 
chemistry,  is  called  acetate  of  ammonia,  see  page  198. 

Practically,  water  is  thus  combined  with  these  amids  when  they  are 
boiled  with  diluted  adds  and  alkalies. 

Many  of  these  salts  have  very  complicated  formulae  commonly  given 
to  them ;  but  it  does  not  appear  that  any  advantage  results  from  that 
practice.  Gmelin's  formula  for  mucamide  =  No.  165,  amida  mucylite, 
given  above  as  ZH*,C»H*0»  is— 


e*N«H«o»«  =  c«Ad*H«o^^o^ 
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ISUCTION  OF  AUIDS  FROM  SALTS  OF  ORGANIC  ACIDG. 

formula  for  lactamide,  =  No.  164,  amida  lactjiletes 
U — 

ucmyy 

I      H- 

i  qoantities  of  atoms  are  ^ven,  because  tliese  cbemistB  act 
ioD  that  certain  acids  are  bibasic,  or  that  the  salts  oncht  lo 
uivaleat  to  gases  that  have  an  atomic  measnre  of  fbor 
because  some  other  theory  prescribes  the  dnplication.  The 
1 1  am  adTocating  assumes  all  radicals  to  be  equivalent  to 
of  hydrogen,  which,  as  a  general  rule,  makes  their  sails 
volumes  of  vapour,  and  the  prBCti<%  which  I  pnisoe  is  that 
own  the  formohe  of  all  salts  into  accc«daace  with  this  one 

several  methods  of  producing  these  amids ;  soch  as,  the 
mionia  on  the  anhydrides ;  the  action  of  ammonia  or  car- 
imonia  on  the  oxychlorides  of  oiganic  acid  radicals ;  and  the 
nonia  on  componnd  ethers. 

leutral  salts;  oainely,  they  ai«  neutral  to  test-papers;  they 
ine  with  acids ;  they  are  crystalliiable, 
rdt  says  that  "  sometimes  they  behave  like  acids  in  r^ard 
ides ;  thus,  benzamide  forma  a  salt  with  n 


"-o{ll| 

- 

+    o«. 

ildi. 

761. 

tfercnry  benzamide." 

fonnation  would  be 

notation  thus 

(^"■Ol    .  „„H,^  _  (ZHHgcCITOl 
CHKlf  +  "B^HgcO  =  JzHhIcIoH-oI  +  ™° 

b  simply  the  c«Dversion  of  amid  ioto  mericac  by  tlie  nh 
'  H'  by  Hgc'  in  each  atom  of  the  salt. 
I  the  ammonia  fonnnla  to  the  compoond  that  is  rommonly 
ibeuzamide,  tfana: 

n|    H 

I     H 

is  evidently  a  compound  of  the  same  order  as  No.  1(6  in 

tble: 

0.  1 56.]    ZH',CH»   O  =  Benzamide. 

ZH'.CH'Z'O*  =  Binitrobenzamide. 


pRODncrriON  of  axws  fxou  salts  of  obgak 

Id  tliLi  example  O*  extra  goes  into  the  salt  because 
rai^ad  instead  of  H*.     See  page  1x3. 

I  might  add  other  examples  of  uiis  kind,  bnt  tlie^ 
ie  &ct3  that  have  been  detailed  in  the  general  notice 
nce-radicals.     See  page  1 33. 


Amidfl  produced  by  the  abstraction  of 
HHO,  from  the  Neutral  Salts  that  i 
Ammonams  with  Organic  Acids. 


174. 

ZH.CIF 

CffO    . 

Batyiylac 

'75- 

ZH,(?H» 

CIPO    . 

Ethylaca 

176. 

ZH,CbI' 

CIPO    . 

Phenylac 

177- 

ZH.CH' 

(7ir0'  . 

Phenylac 

178. 

ZH.CTP 

CIPO    . 

Benzylflc 

179- 

ZH.Hgc 

C7H'0    . 

MeriL:b 

i8u. 

ZH,CH* 

(7IP0    . 

Phenylac 

181. 

ZH,Hgc; 

CITO    . 

Meri4cb 

i8a. 

ZH,CTP 

OWO    . 

Phenylac 

18}. 

ZH,CH' 

CIFO    . 

Piienylac 

.84. 

ZH,(7H» 

C-H'-O    . 

Phenylac 
Ethylacfi 

185. 

ZH,C?IP 

C  H  0    . 

18S. 

zacTP 

C  H  0    . 

Phenylac 

187. 

ZH,Zn ; 

CIPO"  . 

Zincac  gl] 

18S. 

ZH.CH' 

CH'O    . 

Phenylac 

189. 

ZH,C?H' 

CIPO    . 

Phenylac 

190. 

ZH,{?H« 

CH'O    . 

Phenylac 

Each  of  tliese  salts  of  an  amid  may  be  considered  t 
KHnbination  with  HHO  into  the  correspondino;  1 
amnuxiain.  Thus,  the  first  on  the  Ust,  No.  174TZ 
batyiylac  acetylate,  if  combined  with  HHO,  wonld 
(^IPO",  namely,  bntyrylam  acetylete,  or  the  acetaU 
ccotaining  one  atom  of  bntyryl.  But  this  change 
efiected  experimentally,  for  when  these  amids  are  i 
allalies,  they  sufTei  decomposition,  the  acid  radical 
tlie  alkali,  and  the  amid  being  separated  as  a  hydri 
Bat  thoDg^  the  corresponding  salts  of  ^ 
slways  be  produced,  it  is  important  to  bear  ii 
tbese  relations. 
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Usual  Names  ard  Fokmul^. 

Tic  acetylamide     =  CH*    V  N.  MiUer. 


n  BccordEince  with  Gerbardt's  ammcnia  trpe,  and  ii 
the  objections  which  I  have  ui^ed  at  page  3io. 

tamide,    or    Azotare  (CW 

le,  acetyle,  and  hy-     CITNO  =  N^CIfO 

I    H 
«tamide,  Acetanilide,  f(7H' 

hire  of  phenyle,  ace-    C*H'NO  =  NJCIPO 
d  hydrogen.  (    H 

inhe  and  sets  of  names  are  Gerhardt's,  writiHi  ac- 
immoDia,  All  the  Baits  from  Noa,  175  to  1S4  are 
xeatment,  but  I  think  it  useless  to  crowd  this  Emy 
imens  of  these  digitated  formnlte  and  their  daplicate 

It  will  snfBce  if  the  reader  onderstands  the  diSs- 
dt's  system,  and  the  system  now  imder  conaden- 

the  radical  tbeoiy.  No.  176  is  a  direct  binaiy  ecm- 
lylac  =  ZH,{?H'  and  acetyJate  =  CH^),  wLctms, 
t,  it  is  a  compound  of  N  actii^  with  bipartite  fbioe 
■0,  and  H.  It  is  the  aiotare  of  phenyl,  of  acetyle, 
'rom  these  views  I  dissent  entirely.  177,  Aninni- 
de.  178,  Imabenzile.  179,  Benzamidate  of  mer- 
Irargo-benzamide,  WUer.  iSo,  Raaamhds;  anilo- 
}.  333.     iBi,  Mercnry-salt  of  bn^ramide.     iBa, 

butyranilide.  183,  Cinnanilide;  aniloctDnamidc : 
184,  Cumanilide;  anilocnminamide.  i8j.  Ethyl- 
Phenyl-fomiiamide ;  fonnanihde;  anilofonnamide; 
f  fonnyle,  aad  of  iiydrogen.  1 87,  Combination  o1 
d  zinc  =  2N(C*EP0\Zn,H).  188,  SaberaniLde; 
ihenyl-suberamide,  or  diazotore  of  dipbenyle  and  of 

189,  SQCcinanilide ;  anilosuccinamide,  Hoftnaet 
,  or  diaioture  of  dipbenyle,  and  of  oxalyle,  6tr- 
-valeramide ;  valerai^de,  or  aioture  of  phenyle,  of 


Non-oxidised  Salts  of  Ai 

191.  ZH,(7H';C1    .  .  Benzyiacc 

193.  ZH,K;CTI»     .  .  Potassacp 
igj.  ZH,CTi*;Cy    .  .  Pheoylao . 

194.  Z,(?H',(?H»;  CI  .  EthyDo-ph 

195.  Z,(?K\CW;  C*H*a  Ethylec  ch 

196.  ZH,CH'a';Cl  .  Cblorenic-i 

197.  ZH.CTPBi';  a  .  Bromenic-] 

198.  ZHjCEPBr*;  Br  .  Bromenic- 

UsuAL  Names  ahd  Fobhui 

191,  Chloride  or  benzomidjle  =:  a,C7E*N,  (?< 
itprodncM  hydrochloric  add  and  cyaiiide  of  pheu 
■|-(%',CN.     193,  see  Aniline,  No.  11].    193, 

iniline  J  ^,|    I  jj^    _ 
^"*^1C*H'J     *  C"( 

195,  Biethyl-chloraoiline  I  pi     I  w  *■ 
-<™"™-C"i,?H'(             C«( 

196,  197,  198 ;  see  Aniline,  Nob.  9],  10],  an 

Examples  of  the  CombiDation  of  An 
with  one  another. 

199.  ZtP.OTT  +  ZH,(TEP     .     .     .  Tolnf 

100.  ZH*({7H')'  +  ZH.CTP  .     .     .  Benr 

101.  ZlPfCff)*  +  ZH,CTr  .     .     .  Cinni 
loa.  Z(CIP)'CCTI')'  +  ZCH'.CH'  .  Meth 

loj.  ZIP  +  ZH.C^IP Ami( 

204.  ZH»  +  ZH,CH' Anii< 

Usual  Naheh  and  Forud 

199,  Lntidine,  a  componnd  isomeric  with  tol 
to  (ay — 

„         _     .  (ZH,C7ff;H(      |ZH»,<7E 

>o.a3  two8tom8  =  |2H,(?iF;  H('izH,(7B 
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GOMBINATION  OF  AMUONS  WITH  AMIDS. 


Two  atoms  of  toluenylac  hydra  =  one  atom  of  tolnenylam  tolaenylac 
This  accounts  for  the  isomerism  of  these  two  salts,  and  supplies  a  iilnt 
as  to  the  probable  explanation  of  other  cases  of  isomerism.     200,  Hy- 

drobenzamide  =  C»»H"N«  =  N«K^]^)',  Gerhardt.     C«H«N»,  MW4^. 

201,  Cumhydramide  =  C^1P*N»  =  N^j^^^^*,  Qerhardt.     C?*IP*N«, 

MiOer. 

202,  "  Acetonine,  or  Acetonia,  a  new  base  =  C"H"N".  Hydrochlo- 
rate  of  acetonia  forms  with  bichloride  of  platinum,  an  orange-yellow, 
crystalline  double  salt,  (C"'H»«N«,Ha,Pta«).  The  binoxalate  (HO, 
C"H"N«,HO ;  QSf  +  2  Aq)  is  soluble  in  alcohol,  and  crystallises  readily 
from  this  soluble." — Miller y  narrating  the  researches  of  Stsedeler,  mmaUs 
of  Chemistry,  Part  iii,  p.  2 1 2.  I  do  not  beUeve  in  the  existence  of  this 
assumed  '^  new  base."  Acetone  itself  contains  acetyl  and  methyl,  see 
page  77.  Acetonia  is  composed  of  an  ammon  and  an  amid,  Induding 
the  same  radicals;  and  the  platinum-salt  and  the  binoxalate  can  hi 
explained  (see  Noa.  205,  206),  without  resorting  to  the  expedient  of 
creating  a  hypothetical  *'  new  base  "  to  meet  the  special  circumstances, 
an  expedient  to  which  organic  chemists  resort  with  a  too-ready  fiuality. 
When  compound  salts  can  be  clearly  explained  by  means  of  wdl- 
known  existing  radicals,  what  is  the  use  of  making  imaginary  bases  ?  In 
the  present  case,  three  atoms  of  methyl,  three  atoms  of  acetyl,  and  two 
atoms  of  azote,  are  rolled  up  into  a  giant  base  and  called  acetonia.  This 
method  of  practising  chemical  synthesis  is  becommg  really  alarming. 

203,  Azonaphtylamine ;  or  seminaphtalidam  =  C^H^^N',  CreHuxrdt. 
Seminaphtalidine,  or  naphtidine  =  C»«H*N,  Zinin.  =  C«'IP(IPN)*, 
Hofmam.     20ii,  Semaniline  =  C*H*N,  Zinin.     =  e*H*(H*N)»,  Eif- 

When  nydrated  acids  act  upon  the  double  amids,  such  as  are 


wonn. 


represented  by  203  and  204,  they  produce  double  salts  which  contain  both 
an  amid  and  an  ammon ;  of  which,  Nos.  207  and  208  are  examples : — 


fZ(CIP)'Ptc;Cl) 
205.  -{Z(CfH")Ttc;Cl>   =       platic-acetylim  chlora  cum 
I  H;Clj  -        • 


Platic-methylim  chlora    cum 
platic-acetylin 
hydra  chlora. 


f  ZH(C  IP)»;  C0« 
206.  ^ZH((?B»)»;  00 
I  Aq 


'1 


Methylim  carbete  cum  ace- 
tylim  carbete  aquate. 


^^  I ZH*'         •  CI  f  ^  Naphtylam  chlora  cum  amida  chlora. 

{ZIP  C*"IF  •  SO'  \ 
7H*'  •  SO*  I  ^  Naphtylam  sulphete  cum  amida  sulphete. 

No.  207  is  commonly  called  the  bichlorhydrate  of  azonaphtylamine, 
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and  No.  208  is  the  bisnlphate  of  the  same  base.  The  hydrogen  of  the 
adds  is,  in  each  case,  merely  sufficient  to  convert  one  of  the  amids  into 
an  ammon ;  so  that  one  amid  remains  stiJl  in  the  compomid  salt.  It  is 
possible  that  the  last  two  salts  may  require  the  following  formuke : — 

207,  ZH,  c"iF;  a  +  ZH*,  a 

208,  ZH,  C"H';  S0»  +  ZH* ;  SO" 

The  compounds  203  and  204  do  not  form  salts  by  combining  with  a 
sin^e  equivalent  of  H  CI  or  H  SO". 


Nitriles. 

209.  CN  Cyana 

210.  H,CN       Hydra  cyana 


=  Cyanogen], 
=  Hydrocyanic  acidl 
[=  Cyanide  of  Methyf). 


211.  CH'jCN   Methyla  cyana 

When  oxalate  of  ammonia  s  ZH^  CO*  is  deprived  of  two  atoms  of 
fiLHO,  it  is  reduced  to  the  condition  which  is  shown  in  the  following 
equation: — 

ZHHHH;   COO  -  (HHO  +  HHO)  =  Z  +  C. 

Oxalate  of  ammonia.  Water.  Residues. 

All  that  is  left  of  the  salt  is  the  add  radical  C,  and  the  zotic  atom 
which  was  the  prime  agent  of  the  positive  radical  These  two  atoms 
oombine  together  and  produce  cyanogen,  which  is  usually  marked  CN  or 
Oy.  This  compound  is  not  a  salt  composed  of  two  radicals,  but  a 
siiogle  acid  radical,  energetic  in  its  chemical  powers,  yet  having  the 
aittarating  capacity  of  only  one  atom.  This  fact  is  worthy  of  particular 
ix>tice,  because  azote  and  carbon  have  each,  separately,  the  saturating 
OBpadty  oi  one  radical,  though,  when  combined,  they  have  together  only 
the  saturating  capacity  of  one  radical.  Thus  azote,  which,  in  positive 
radicals,  paralyses  the  saturating  capacities  of  the  two  or  four  radicals 
with  wlidch  it  produces  amids  and  ammons,  has  its  own  saturating 
capacity  paralysed  when  it  enters  into  a  native  radical  which  contains 
carbon.  Even  when  two  or  three  atoms  of  azote  enter  into  a  negative 
radical  in  the  presence  of  carbon,  they  all  lose  their  saturating  capacity, 
that  of  the  carbon  radical  alone  remaining  active. 

See  the  account  of  the  zotic  radicals  at  page  132. 

When  formiate  of  ammonia  3  ZH^  CHO^,  is  deprived  of  two  atoms 
of  HHO,  the  result  is  as  follows : — 

ZHHHH ;  CHOO  -  (HHO  +  HHO)  =  Z  +  CH. 

Formiate  of  ammonia.  Water.  Residues. 

These  residues  are  nitrc^en  and  formyl. 
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Wh«i  acetate  of  ammonia  =  ZH*,C"IPO*,  is  deprived  of  two  atoms  of 
HHO,  the  result  is  this : 

ZHHHH ;  C«H»00  -  (HHO  +  HHO)  =  Z  +  CH*. 

Acetate  of  ammonia.  Water.  Beadaes. 

These  residues  are  nitrogen  and  acetyl. 

In  both  these  cases  the  nitrogen  combines  with  the  other  residae,  and 
in  all  similar  cases,  when  the  neutral  ammonia-salt  of  an  organic  acid  is 
deprived  of  the  hydrogen  of  its  ammonium,  and  of  all  its  oxygen,  tiie 
residual  nitrogen  combines  with  the  residual  acid  radical,  and  produces 
the  compounds  which  are  called  Nitrileb. 

In  an  early  part  of  this  Essay,  in  treating  of  the  reduction  of  add 
radicals  to  basic  radicals,  I  have  shown  that  if  you  can,  by  any  process, 
deprive  an  acid  radical  belonging  to  the  vinyl  series,  of  one  atom  of 
carbon,  you  reduce  it  at  once  to  a  basic  radical.  See  page  75*  ^ow  it 
appears  to  me  that,  in  the  preparation  of  the  nitriles,  lina  reduction  of  an 
acid  radical  to  a  basic  radical  takes  place  in  every  instance.  It  is  apriori 
improbable  that  the  acid  radical  Z  should  combine  with  the  acid  radicals 
CH  and  C*H*,  both  of  which  are  energetic  add  radicals,  if  the  acid  power 
of  the  whole  of  them  is  supposed  to  be  persistent ;  but  if  Z  is  supposed 
to  abstract  C  from  each  of  the  hydrocarbons,  the  two  pair  of  residues 
then  become 

H  +  CN  and  CH"  +  CN. 

=  Hydrocyanic  acid  =  cyanide  of  methyl. 

That  is  to  say,  the  two  acid  radicals  Z  +  CH,  become  one  basic  radical 
(hydrogen)  and  one  acid  radical  (cyanogen),  and  these  combine  together 
to  produce  a  salt,  the  hydrocyanic  acid.  So,  in  the  second  example,  the 
two  acid  radicals  Z  +  CH*  produce  the  strongly  positive  radical  methyl 
CH"  and  the  strongly  negative  radical  cyanogen  CN,  and  these  combine 
to  form  the  salt  called  cyanide  of  methyl  =  CH*,CN.  The  evidence 
which  I  have  given  to  prove  the  possibility  of  this  reduction  of  add 
radicals  to  basic  radicals  by  the  removal  of  an  atom  of  carbon,  is  so  con- 
vincing, that  no  man  can  doubt  the  fact ;  and  when  we  couple  with  this 
certainty,  the  fact  that  the  products  of  the  three  processes  which  I  have 
supposed  to  yield  the  substances  called  oxalo-nitrile,  formo-nitrile,  and 
aceto-nitrile,  actually  yield  cyanogen,  hydrocyanic  acid,  and  cyanide  of 
methyl,  we  have  reasons  that  are  almost  demonstrations  to  induce  us  to 
l:)elieve  that  in  all  these  instances  the  nitrogen  and  the  carbon  combine  to 
form  cyanogen,  and  that  this  cyanogen  produces  a  cyanide  with  the  positive 
radical  which  is  formed  by  the  rMidue  of  the  decomposed  add  radicsL 

I  have  referred  expressly  to  those  ammonia-salts  that  are  produced 
by  the  organic  acids  ^at  belong  to  the  vinyl  series,  page  79 ;  but  the 
formation  of  the  so-called  nitriles  is  not  confined  to  radicals  of  that 
])articular  series ;  for  the  benzoate  of  ammonia  yields  cyanide  of  phenyl, 
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and  caminate  of  ammonia  yields  cyanide  of  cumenyl,  the  benzoic  radical 
being  reduced  to  phenyl,  that  is  to  say  =  (7H*  to  CH^  and  the  cnmyl 
radical  to  cnmenyl  =  C*®H^^  to  CH",  by  the  abstraction,  in  each  case,  of 
C*  to  form  cyanogen  with  the  azotic  residue  of  the  destroyed  ammonium. 

According  to  this  theory,  azote,  in  the  presence  of  sufficient  radicals, 
es^dses  its  prerogative  of  producing  amidogens  and  ammonimns,  which 
th^  ibrm  salts  with  oxidised  carbon,  with  native  hydrocarbons,  or  with 
any  other  acid  radicals,  oxidised  or  not  oxidised,  which  are  placed  within 
its  reach.  But  neither  amidogens  nor  ammoniums  are  produced  in  the 
abseDce  of  negative  radicals  with  which  they  can  form  salts. 

When  the  radicals  necessary  to  the  existence  of  anmionium-salts  are 
Aa(f  withdrawn  finom  them,  the  salts  are  reduced  to  amides  or  amidogen- 
salts.  When  they  are  dU  withdrawn,  the  salts  are  destroyed  and  the 
azQte  is  set  free.  When  this  happens  in  the  presence  of  carbon,  the 
free  azote  combines  with  the  carbon  to  form  cyanogen.  When  it 
happeos  in  the  presence  of  a  negative  hydrocarbon,  it  splits  that  negative 
hydbrocarbon  into  C^  and  a  positive  hydrocarbon,  and  produces  therewith 
a  neutral  cyanide. 

This  theory  is  quite  consistent  with  well-ascertained  facts  respecting 
the  formation  of  cyanogen,  and  the  importance  of  the  subject  warrants  my 
citing  a  few  particulars,  i].  When  a  mixture  of  carbonate  of  potash  ^  ^.  ^ 
and  pure  sugar-charcoal  is  heated  red  hot  in  a  porcelain  tube,  and 
common  atmospheric  air  is  passed  throogh  the  tube,  cyanide  of  potassium  ^ 
is  produced.  2].  Many  vapours  that  contam  carbon,  if  mixed  with 
vapours  that  contain  azote,  and  passed  through  a  red-hot  tube,  produce 
cyanogen.  3].  When  ammonia  gas  is  passed  over  charcoal  strongly 
ignited  in  a  porcelain  tube,  cyanide  of  ammonium  and  matsh  gas  are 
produced,  thus : — 

4(ZEra)  )        J  2(ZH*,CN) 
3C  f  '^  t  CH»,H. 

4].  Ammonia  gas  and  carbonic  oxide,  passed  through  a  red-hot  tube, 
produce  cyanide  of  ammonium  and  water ;  thus : — 

ZIPH,ZH^  +  CO  =  ZH*,CN  +  HHO. 

5].  When  refuse  aninud  matter,  such  as  horns,  hides,  hoofs,  &c., 
are  heated  red-hot  in  a  close  vessel  with  carbonate  of  potash  and  iron 
filings,  the  triple  cyanide  of  iron  and  potassium  =s  K'FeCy*,  is  produced. 
The  phenomena  that  occur  in  this  last  example  are  compUcated ;  but 
the  final  product  alone  is  what  we  have  to  consider.  It  is  evident  that 
the  ammoniacal  compounds  which  these  animal  substances  contain  in 
large  quantities  with  an  excess  of  carbon  are  converted  during  the 
operation  into  cyanogen,  the  hydrogen  and  oxygen  of  the  compounds 
being  wholly  (^sengaged,  because  the  cyanogen  combines  with  tlie 
potassium  and  iron,  without  the  intervention  of  oxygen. 
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Reoonversion  of  the  Nitbogen  of  Cyanogen  into  the  Ammoniacal 

condition. 

It  is  not  only  possible  to  remove  nitrogen  from  amidogen  or  ammo- 
nium into  cyanogen ;  but  to  perform  the  reverse  operation  of  forcing 
the  nitrogen  of  a  cyanide  to  transmigrate  into  the  ammoniacal  condition. 
Of  course,  these  transmigrations  result  from  the  fact,  that  nitrogen  can 
act  either  negatively  or  positively,  according  to  the  pressure  of  the  posi- 
tive or  negative  forces  that  are  made  to  control  it,  and  that  it  chaioges 
its  condition  with  every  sufficient  change  in  those  controlling  forces. 

,  jH,CN  +  H,Cl   1        JZH*,a. 
^-  tHHO  +  H,HOf  *  t  H,CHO* 

One  atom  of  hydrocyanic  acid,  one  atom  of  hydrochloric  acid,  and 
two  atoms  of  water  produce,  one  atom  of  chloride  of  ammonium,  and 
one  atom  of  hydrated  formic  acid, 

^  r K,CN  +  H,a  +  H,ai  ^  FJ'^^ 

^'  \  H,HO  +  H,HO  ^  ""  ^  ^'^^ 


.        (ZH%C1 

[  =  <  K,a 

'        I  H,CHO«. 


One  atom  of  cyanide  of  potassium,  two  atoms  of  hydrochloric  add, 
and  two  atoms  of  water  produce,  one  atom  each  of  chloride  of  ammo- 
nium, chloride  of  potassium,  and  hydrated  formic  acid. 

,  j  K,CN  \       J  K,CHO« 

3- 1  H,HO  +  H,HO  /  ^  \  ZH«,H. 

One  atom  of  cyanide  of  potassium  boiled  in  a  close  vessel  with  two 
atoms  of  water  produces  one  atom  of  ammonia  and  one  atom  of  for- 
miate  of  potash. 

ZH*,SO* 
,S0« 
C0». 

One  atom  of  cyanate  of  potash,  one  atom  of  water,  and  two  atoms 
of  hydrated  sulphuric  acid,  produce  one  atom  each  of  sulphate  of 
ammonia,  sulphate  of  potash,  and  free  carbonic  acid. 

5-  {  H,HO  +  H,HO  f  ""  ZH^ZH^CO•. 

One  atom  of  urea  (cyanate  of  ammonia)  heated  in  a  sealed  tube 
with  two  atoms  of  water,  produces  one  atom  of  carbonate  of  am- 
monia. 

If  we  examine  the  nature  and  consequences  of  these  various  reactions, 
and  then  ask  ourselves  the  question,  whether  the  nitriles  consist  of 


1. 

^  J  K:,CN0  +  H,HO  )  _  f  ^J* 
*•  \  H,SO«  +  H.SO"  J       1      •; 


nitrogen  combined  directly  with  nnchanged  negative  radia 
Z  +  era",  Z  +  (?H\  Z  +  C*H',  Z  +  CH*,  Z  +  C7H', 
lita  they  are  cyanides  of  the  corresponding  positive  radio 
scarcdy  come  to  an]'  other  conclosion  than  that  which  haf 
ibore,  namely,  that  the  NmtiLEa  are  in  oH  cases  to  be  ( 
Ctamdes,  and  that  h^HIm  proper,  or  compounds  of  nitroge 
tive  radicals,  do  not  exist 

[Consult  the  investigation  into  the  constitation  of  the  con 
taaalj  called  anilocj'anic  add.  Article  Aniline,  No.  9;.] 

Carbamide. 

113.  ZH*  ;  CyO,  Ammona  cysnate  =  [carbamide 
21J.  ZH^C^')';  CyO,Phenylemcyanate  =  rcarbanilidt 

114.  ZU*,CH*    ;  CyO,  Phenylam  emanate  =  [carbamide 
The  Mowing  formuUe  represent  the  nentral  carbonate  of 

Aialytiod  fonnnla.  Sjiutptical  farmt 

ZH*0  +  ZH-O  +  CO  ZH',ZH',CO* 

If  we  imagine  two  atoms  of  HHO  to  be  abstracted  (k 
potnid,  the  residue  will  be  as  follows : — 

ZH'  -f-  ZH*  +  CO. 
This  fcvmnla  reprtsrats  Carbahidb. 

If  we  atk  om^ves  the  qnestiou,  whether  this  fbm 
represents  the  craistitution  of  this  residue,  we  must,  bef 
a  reply,  take  into  consideration  the  folloning  particulars, 
in  the  preceding  pages  almost  demonstrated  to  be  matters 

1.  One  atom  of  Z  can,  with  tacilil^,  hold  either  H*  1 
form  of  a  positiTe  radical;  but  H*  more  efiectually  than  H 

1.  Whea  Z  is  iireed  from  H,  in  the  presence  of  C,  it  o 
C,and  produces  cyanogen.    J-.-     >,a-.^..- 

}.  If  itny  positive  radical  is  present,  the  resulting  cy 
biok  with  it  to  form  a  salL 

What  is  to  prevent  the  occurrence  of  these  reoctioni 
desents  that  constitute  carbamide?  I  can  see  no  count 
whatever,  and  I  beUeve  that,  in  the  circumstances  that  are 
the  process  above  described,  azote  would  infallibly  fulfil  il 
tions,  and  that  the  so-called  carbamide,  with  the  formula  ! 
ffoald  become  ZH*,CNO,  or  ammona  cyanate,  a  compoi 
tbeosual  language  of  chemists,  is  called  cyanate  of  ammoi 
0REi.  I  can  find  no  sufficient  reason  to  retain  either  th( 
mide  or  the  formnla  upon  which  that  name  is  based.     Th 
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demists  are  at  present  divided  upon  this  subject ;  but  I  trust  that  the 
&cts  and  contingencies  which  I  have  pointed  out  in  this  Essay  respecting 
the  properties  of  ammoniums,  amidogens,  and  cyanogen  componnds, 
and  the  demonstration  of  the  circumstances  which  regulate  the  amazing 
power  of  transmigration  possessed  by  the  element  azote,  will  bring 
them  to  agree  in  the  propriety  of  my  conclusions. 

The  arguments  which  bear  upon  the  constitution  of  carbamide  are 
precisely  similar  to  those  which  must  be  used  if  I  were  to  enter  into  a 
description  respecting  the  constitution  of  the  compounds  which  Dr. 
Hofinann  has  called  carbanllide  and  carbamide-carbanilide.  The  former  of 
these  compounds  is  represented  by  No.  213,  and  the  latter  by  No.  214. 
I  refer  the  reader  for  a  complete  investigation  of  these  two  componnds 
to  Aniline,  No.  90]. 

The  usual  formula  given  to  carbamide  is  H'NjCO,  Hofmaim;  but 
as  the  radical  theory  doubles  the  weight  of  the  atoms  of  C  and  0,  this 
formula  requires  to  be  changed  to  H"N,H*N,CO,  to  express  the  same 
percentage  relations. 

The  constitution  of  "  Urea"  will  be  more  fully  discussed  in  a  sub- 
sequent section, 

Imidogen  Compounds.     Imides.     Aniles. 

According  to  Dr.  Hofinann,  the  Imides  are  produced  by  the  abstiac- 
tion  of  four  equivalents  of  water  [that  is,  two  equivalents  on  the  radical 
theory]  from  an  acid  salt  of  ammonia.  He  tells  us,  that  the  imide 
resulting  from  the  binozalate  of  ammonia  has  not  as  yet  been  formed ; 
but  that  we  have  representatives  of  the  imidogen  compounds  among 
the  derivatives  of  camphoric  and  phtalic  acids,     ^ee  page  208. 

Let  us  first  see,  why  the  binozalate  of  ammonia  produces  no  imide: 

J .  <      .   o    Binoxalate  of  Ammonia.  Water.  Residue. 

dj  ■  i'2 ''' '       ^hI  w  }  -  (HH0.HH0)  =  j  ^  +  go*. 

This  residue  produces  hydrocyanic  acid  =  H,CN,  and  carbonic  add 
=  CC,  which  do  not  enter  into  combination ;  and  this  is  the  reason 
why  oximide  '*  has  not  a$  yet  been  formed,"  and  why  it  never  will  be 
formed. 

Decomposition  of  BicarryahorcUe  of  Ammonia. 

Bicamphorate  of  Ammonia.        Water.  Residue. 

ZH* ;  C*H'0«  \       j  HHO  \       JZ  +  eiF 
H  ;  C*H'0»  J  ""  t  HHO  f  "=  !»  +  CH^O*. 

What  becomes  of  this  residue  ?    According  to  Dr.  Hoimann,  it  produces 
camphorimide,  the  formula  of  which  is  HN,2C*®H'0*.     Correcting  the 
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ttODiic  weights  of  C  and  O,  this  formula  becomes  HN.aC'H'O 
Ent  put  of  this  fonnnla  is  Hofmann's  "  Imide  "  =  HN. 

I  disBoit  ftom  this  theoif  entirely,  and  I  consider  that  no  snci 
u  on  imide  exists.  Let  tis  compare  the  residues  of  the  two  pi 
jnst luferred  to: 

First  residiie,<  jj  '^  ^q,  Second  residue,  j  jj  '\_  ^^, 


If  the  three  radicals  Z  +  G  -4-  H  can  combine  together,  whi 
prevoit  the  combinfltJon  of  the  three  radicals  Z  +  C*H'  +  H,  wl 
placed  in  contact  under  precisely  similar  circumstances  ?  The 
JiiT  the  combination  in  die  first  case  is  the  tendency  of  carl 
mbogen  to  form  cyanogen.  The  rtason  for  iJie  combination 
wci^  case  is  the  power  of  niCn^en  in  the  presence  of  two  free 
md  an  oxidised  negative  radical  to  produce  a  salt  of  an  amid<^ei: 
lesdt  of  the  combination  in  the  first  case  is  an  acid  radical 
bkes  up  the  basic  hydrogen  left  free  by  the  disengagement 
bonic  add.  The  result  of  the  combination  in  the  second  cs 
basic  radical  which  combines  with  the  camphoric  acid  leit  fret 
abstraction  of  the  hydrogen,  and  the  final  product  is  a  neni 
with  a  Tice-amidogen  base,  thus : 

ZH,C»IF;  OTTO*  =  Camphorylac  camphorylete. 

DecomposUim  of  Biphtalate  of  Ammonia. 

Precisely  the  same  thing  taltes  place  when  biphtalate  of  ami 
decomposed. 

ZH';  CH*0»  I  I  HHO  1    _    J  Z  ;  CH" 

H  ;  CH'O'  f   ~  1  HHO  f    "    t  H ;  eiPO'. 
=  ZH,CH';  CHH)"  =  Phtalylac  phtalylete. 
Dr.  Hofmann's  name  and  formula  for  this  componnd  are 
HN.aCJ'H'O'  =  PhtaLmide. 

It  is  needless  to  give  more  examples  of  the  imides,  for  the' 
be  repetitions  of  camphorimide,  with  the  mere  change  of  i 
radical.  It  will  snfBce  to  quote  a  few  varieties  of  these  salts  in  i 
la  all  cases  they  are  neutral  salts,  contsining  the  full  quantity  of 
reqaired  by  the  acid  radical,  but  having  a  vice-amidogcn  as  basic 
It  may  perhaps  be  urged  that  even  tnj  fbrmulte  contain  ZH,  i 
the  salts  may  therefore  contain  imidc^n ;  but  since  ZH  must 
every  amidogen  and  ammonium,  in  which  all  the  hydrt^en  has  r 
refJaced,  this  argument  proves  nothing.  There  is  no  such  1 
isolated  imidc^en,  and  a  theoretical  one  is  not  required. 


IMIDOOEN  COUPODNSS.      lUIDES.      XNTLGB. 
EXAUPLES  OF  IHISES  AND  ANILES. 

a),  Ainidaca.     (Imidu.) 


<.  ZH,C?H'i  CTI'O'  . 
6.  ZH,Ba;  fyRKf  . 
^.  ZH,Na;      CTI'O*  . 

s.  zH,cir  i  eiPO" . 

9.  ZH,CTI ;    C*H  C  . 

0.  ZH,C*H';  CH-O*  . 

1.  ZH,CIP;  CTHS)'  . 


BeDZ7lac  benzylete. 
Barytac  benzylete. 
Natrac  beoEylete. 
Caraphorylac  camphoiylete. 
Furaaiylac  fumarylete. 
Fbtalylac  pbtalylete. 
Succinylac  succinylete. 


b).  Anudecs.     {Amies,  etc) 

CIP.CW;  CTPO'.  .  Ethylic-flcetylac  acetvlete. 

(?H',CH^  CTTO* .  .  Benzylic-phenyiac  b«)z>-lete. 

CTT.CH' ;  CffO*  .  .  Camphorylic-phenylac  camphorylele. 

CFT.CTP ;  CTPO*  .  .  Phtalylic-phenylac  phtalylete. 

CTP.CH';  (7H'0».  .  Siiccinylic-phenylac  succinylete. 

StnOHTHES  and  T^TAL  FOBUULiE. 

snzimide  =  HN.aC'IPO*,  Hofmann.  ai6,  AmidobentoMe 
es  =  EaOC»H'NIPO'  =  C'*H*Ba(NH*)0',  Voil.  217,  Amido- 
3  of  soda  =  C"H*Na(NH*)0*,  Toit.  These  two  salts  are  liable 
ler  interpretation.  See  Tribasic  cyanates.  See  also  No.  474  in 
es.  Volt's  Memoir  may  be  seen  in  tbe  Quarterlt/  Jottrrud  Chen. 
,  368.  218.  Camphorimlde  =  HN,  2C"irO',  //o/monn. 
'umarimlde  =  CIPNO',  Gtrhardt.  220.  Pbtalimide  =  HK, 
I*,  Hofmann.     221.  Saecinimide.  or  bisucciDamide 

CH'0*1 
NO'  =  3(C?H'0*)iPN'-C"H»K»0'  =  C?H'O*  In»,  ifiBer. 
H-     i 

thyl-cUacetamidc,  or  azoture  at  etbyle  and  of  diacet)-le 

=  CH'-NO"  =  N  I  CTI'O     Gerhard. 

benyl-dibenzamide,  dibenzanilide,  or  azoture  1^  phenyle  and  of 
ile 

f  CIP 
{^H^KO*  =  N  \  CTH'O     Gtrhar^. 
\(JWO 


AUIDOOEX   ACIDS. 


I  Compare  Dibenzanilide,  No.  223,  and  Ben/anilide,  No.  iBo^  with  the 


oiuni-salta  to  which  they  respectively  correspond : — 
So.  333.  ZCIP.CTI*;  CHHy  1 
H";        IPO-f 

^o.  180.  za,cm'i  CTPO  i 

H;       HO  f 


■  =  ZH-.CTP;  CHK)* 


::amphoraiiiJe;  anilocamphorimide  =  C^'^NO*  =  CH'N.zCTTO*, 
WW.     Phenyl-camphorimide,  or  azoture  of  phenyls  and  of  eam- 


PbeDyl-phtalimide,  phtaJanile,  or  azoture  of  pbenyle  and  ))htaly1e 
=  C"H^O»  =  N  I  ^y    Gerhardt. 


inile,  or  anilophtalimide  =  C*H*N,aCIPO',  ffofmatm.  226.  Suc- 
te.  or  anilosuccinimide  =  C^H'NO;  -  C"H''N.2CIP0',  Bofmann. 
l-SQccinimide,  or  azotare  of  phenyle  and  of  succioyle 

I  CH'O"  . 

1  CTI' 


=  N     XC,      Qerhardt. 


orapomids  No.  323  to  336  belong  to  the  class  which  Dr.  Hof- 
calls  "aniles."    They  are  derived  from  the  acid  salts  of  pbe- 

Zff,(7H';  OH'C  )       J  HH>  1   _Z{?H»,C'H*;  CH^O" 

H;   CTPO*  f  ~  t  IPO  (  ~  No.  333. 

It  No.  233  shows  that  this  series  is  not  confined  to  aniUne,  but 
jenera)  character.  The  Anilidi^n  (CTI^N),  which  is  commooly 
id  to  be  present  in  the  "  aniles,    is  a  phantom. 

Aogea  Acids.    Amidated  Acids.     Amided  Acids. 

amidated  adds  are  produced  when  one  atom  of  HHO  is  abstracted 
D  add  salt  of  ammonia.     Example : 

BinoiHlaU  of  AmmoDia.     Wat<r.  ReaidDC. 


ZH'i  CO")        „„„     JZIP;  CO 
H;  CO';-^*^"  =  1    H;  CO* 


^doe  is  a  doable  salt,  consisting  of  an 
!idd  and  an  atom  of  a  salt  con&ning  a        ^ 
salt  is  called  oxamic  acid.     See  page  19^.     The  single  atom  of 
\fia  ia  replaceable  by  a  positive  radical,  and  all  the  other  elements 
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OXAMATES. 


of  the  salt  pass  into  the  new  salt.  We  may  apply  a  systematic  name 
to  oxamic  acid  either  according  to  its  analytical  or  its  synoptical  formida, 
thus: — 

ZIPjCO-fHCO"  =  amida  carbate  cum  hydra  carbete. 
H,ZH« ;  (yCf  =  hydra  amida  carbenite. 

The  latter  is  the  briefest  name,  and  it  is  sufficiently  explicit  The  folbw- 
ing  are  some  of  the  salts  of  this  "  acid  "  : — 


A.   OXAMATBS. 


227. 
228. 
229. 
230. 
231. 
232. 
233. 
234. 

335- 


H;ZH»;C?0»  . 
Am;ZH«;C«0«  . 
Ba;ZH*;eO»  . 
Ag;ZIP;C«0»  . 
CH» ;  ZH* ;  C*0» . 
C*H» ;  ZH« ;  CK)" 
C'Cl* ;  ZH«  ;  C«0* 
C*H" ;  ZH« ;  CO* 
CBPCa ;  ZIP ;  CK)» 

Analytical  Formula 


.  Hydra  amida  carbenite. 

.  Ammona  amida  carbenite. 

.  Baryta  amida  carbenite. 

.  Argenta  amida  carbenite. 

.  Methyla  amida  carbenite. 

.  Ethyla  amida  carbenite. 

.  Chlorunic-ethyla  amida  carbenite. 

.  Amy  la  amida  carbenite. 

.  Calcic-methyla  amida  carbenite. 

;  ZIP,  CO  +  H',  C0«. 


Usual  Names. — 227.  Oxamic  acid  =  C*NHK)*.  228.  Oxamatp  of 
ammonia.  229.  Oxamate  of  barytes.  230.  Oxamate  of  silver.  221. 
Oxamethylane ;  oxalformamester  =  e»NH*0»  =  C"IPAd,C*0",  Gmfin. 
232.  Oxamethane;  oxalvinamester ;  oxalovinate  of  ammonia  =  C*NH'(y 
=  C^AdH',  C*0*,  Gmdin.  233.  Chloroxamethane  ;  chloroxethamide  = 
C-NIPCPO'  =  C*AdCl»,C*0«,  Ghmlin.  234.  Oxamylane  =  C"H»*KO', 
Gerhardt,     235.  Methyloxamate  of  lime  =  C*N  (H,  CTP,Ca)  O",  Gfndm. 

At  No.  231,  there  is  a  remarkable  divergence  in  the  ordinary  nomen- 
clature of  these  salts.  Organic  chemists  first  introduce  us  to  '*  Oxamic 
acid,"  and  then,  the  basic  hydrogen  of  the  "  acid  *'  being  replaced  by 
Am,  Ba,  Ag,  &c.,  we  obtain  salts  which  we  are  desired  to  terra 
oxamates.  That  course  is  quite  proper  if  we  admit  the  existence  of 
oxamic  acid.  But  no  sooner  does  a  positive  hydrocarbon  appear  in  the 
place  of  the  basic  radical,  when,  presto !  the  oxamate  vanishes  and  we 
find  that  we  are  deaUng  with  an  amethane !  ''  The  amethanes  formed 
by  wood-spirit  are  called  methylanes  or  formamethanes ;  these  formed 
by  common  alcohol,  ethy lanes,  vinamethanes,  or  simply  amethanes ;  and 
those  formed  by  fusel-oiJ,  amy  lanes,  or  mylamethanes.*'  Gmelin,  And 
what  is  the  use  of  all  these  trivial,  non-systematic  names  ?  Why  did 
not  oxamate  of  methyl,  of  ethyl,  and  of  amyl,  answer  the  purpose? 
What  good  end  is  obtained  by  dividing  the  salts  of  oxamic  acid — sup- 
posing we  submit  to  liave  oxamic  acid — into  two  battalions,  and  calling 
one  of  them  oxamates  and  the  other  amethanes  ?  The  first  false  step  in 
this  course  is  that  of  applying  the  name  '*  acid  "  to  the  double  salt  I?o. 
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',CO+HC0*.  That  is  an  illogical  conimeDcement,  and  leads 
le  and  conAised  notions  accordjng  to  which  the  other  names 
ited. 

B.   OXANILATES. 

;  ZH.CTP  ;  aC'.     .     .     Hydra  pbenylac  carbeniw. 
;  ZH,(?H' ;  <70*    .     .     Baryta  phenylac  carbenit«. 
;;  ZH,  CH*;  0*0*.     .     Argenta  phenykc  carbenite. 
q;  ZHjCIP;  CO*  .     ,     Am  mona  pbenylac  carbenite. 
m;  ZH,CH*;  (70*        1  Ammona  phenylac  carbenite 
:  ZH,CTP  ;  CK)*  (■      cum  hydra  phenylac  carbenite. 

r.CTH'i  ZH,CH»;  C*0»i   Phenylam  pbenylac  carbenite  cnm 

H;  ZH,CH»;  C*0*j       hydra  phenylac  carbenite. 
?tica]formalaofNo.  236:  ZH.CTJ';  CO  +  H',CO' 
cBS: — 336.    Oxanilic  acid;  anilo-oxamic  acid  =   H,CO*; 
)■  =  C'IPNO'  =  HO.CW  i  C'WN.CTO'  =  HO.C  j^HT* 
aann.    See  Aniline,  No.  50].    337.  See  Aniline,  51].    338 
tte  analogous  salts   to  No.    337.     240.  Acid-oxanilate  of 

I.  See  Aniline,  5a]. 

lilatesdifTer  from  tbeosamates  by  containing  phenylac  instead 
I  see  nothing  to  prevent  the  occurrence  of  similar  Eatts  nith 
nidac,  each  salt  being  formed  m  ^reement  with  the  following 

H';  ZH,M';  CW  =  hydra  amidao  carbenite  ; 
rmnla  M'  ^gnifies  a  replaceable  radical  =  0°H°, 

C.  Amidogen-Acids  with  cohpoond  Rabicaij. 
H;   ZH*;  (C?IF)'0'.     .     Hydra  araida  camphovjlenite, 
H;  ZH";  (CH")'0'.     .     Hydra  amida  pbtalylenite. 
H;  ZH*;  (C*H')'0».     .     Hydra  amidasebamylenite. 
H;  ZIP;  (CH')'O*.     .     Hydra  amida  succinylenite. 
Ag ;  ZH* ;  {C*IP)*0*    .     Argenta  amida  succinylenite. 
ytical  formula  of  No.  242:  ZHVCH'O  +  H'.CffO". 
Jts  diSer  from  the  ozamates  237  to  235,  only  by  containing 
icid  radicals  instead  of  the  simple  carbon  radical  of  the  oxalic 
r  derivation  and  structure  are  perfectly  analogous  to  those  of 

Ss. 

Names. — 242.    Hydrated   camphoramic  acid    =   H0,H'N, 
tfOler.     243.   Phtalamic   acid    =    HO.H'N.C'II'C,   Miller. 
nic   acid  =  C"H"N0*,   Gerhardt.     245.  Snccinamic  acid, 
q2 


.      HTDKAHIDES. 

of  snccinylammonium  = 

S,  Saccinamate  of  silver  = 

D.    ANIUDOOElT-ACIDe  WITH  COMPOUND  RADICALS. 

;  ZH.CIP;  (CWycy  .     Hydra  phenyUc  camphorylemle. 
;  ZH.CH";  (CHO'C  .     Hydra  phenylac  phtaJylenite. 
;  ZH,Cff ;  (CH')"©*  .     Hydra  phenylac  suberVleoite. 
;  ZH,Cff;  (C'H')'O'  .    Hydra  phenykc  Buccinylenife 
nalyticalforomla:  ZH.C?TP;  CH'O  +  H';  CWV. 
>mpouDd3  are  Dr.  Hofmaan's  aniiic  or  anilidogeo  adds.   They 
the  salts  of  section  C  only  in  containing  phenylac  instead  of 
id.     Hofinann's  names  and  fbrniulee  are  as  follow : — 
Camphoranilic  acid      =    ftCffO*;  C"H'N,C'TFO'.    . 
Phtalanilic  acid      .      =   H,C  H'O* ;  C'H'N.C  H^. 
Suberanilic  acid     .      =   H,0"  H'O' ;  C'H'N.C  H^J«. 
SuccinaniUc  add    .      =   H,C*  HK><;  C'*H'N,C*HK)". 
nclades  the  investigation  of  the  fixii  classes  of  dehydialed 
i  described  by  Hofinaun  at  page  308. 

Hydramides. 


CHTfl  Fii'^W'^  ^"^'^  furfiiTylenite. 


(THY)*!'  ^''''^^'i'^'^^'i^''''^  Bi^i*^  tieazylenite. 
(7H*0*(  ^"^"''"''^"''^ii^y'^'^  ^^''^i*^  t)enzylentte. 


,C"H' 
.CH* 
.CffQ' 
,CH»Bi» 

GtRHiRDT's  Names  and  Formdls. 
Anishydramide  =  C"H*'N'0'=  N«|**^^p)' 
Furfuraraide  =  C'»H"N'0'  =  N*]^^^^' 
Chlorosaniide  =  C?"H»CrN'0'=  N'K'^i'^'^')'^)' 
Biomosamidc  =  C"H"Br'N*0'  =  N"!  (C'^(Br)O)' 
hydi'umides  are  double  salts,   each  of  them    containing  m 
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"  similar  to  No.  153,  with  an  "imide"  wmilar  to  No.  315. 
;w  of  them  have  beei  discovraed,  but  thert  can  be  no  doubt 
ly  more  will  be  found,  now  that  their  nature  is  understood. 

Sulphates  with  Inorganic  Tice-Ammona. 
Group  A. 

355.  ZH*        ;  SO'  Ammona  solphete, 

356.  ZH'Zn     ;  SO*  Zincam  aulphete. 
257.  ZITOuc  ;  SO"  Cupricam  sulphete, 

358.  ZH*Ag    ;  SO*  Ai^ntam  sulphete. 

359.  ZIPPt    ;  SO"  Platousam  sulphete. 

L  Nahes  and  FoRuin.£. — 155,  Sulphate  of  ammonia  a 
O*.  25S  to  359,  These  salts  are  sulphates  containing  the  vice- 
ims  to  which  1  have  given  the  name  of  ammonam.  See  page 
lamely,  they  are  sulphates  of  normal  ammonium  in  which  U* 
replaced  by  M',  They  are  commonly  considered  as  sulphates 
lie  protoxides  combined  with  one  atom  of  ammonia.  For  an 
of  No.  3J9,  see  Platinum,  No.  43. 

Group  B. 
PMn;  SO*  +  ZI^.H  Mangam         sulphete  cum  amida  hydra. 
PZn;   SO*  +  ZH*,H  Zincam  sulphete  cum  amida  hydra. 

PCd;  SO*  +  fZHVH)'  CBdmara  sulphete  bis  amida  hydra. 
I*Co ;  SO"  4-  ZH*,!!  Cobftltonsani  sulphete  cum  amida  hydra. 
PNi;  SC  +  ZH'.H  Niccolousam  sulphete  cum  amida  hydra. 
I'Agi  SO*+ZH*,H  Argentam  sulphete  cum  amida  hydra. 
;  compounds  are  examples  of  the  ammoniated  salts,  of  which  T 
en  an  account  at  page  198.  It  seems  needless  to  quote  their 
Dames,  as  the  formuls  render  them  obvious.  No.  260  is  sul- 
'  manganese  with  two  atoms  of  ammouia=MnO,SO'~f-3NH*. 
KB  of  the  others  correspond  to  this  example. 

Grodf  C, 
H* ;  SO*  +  H,SO»  Hydra  aramona  biaulphete. 

^75-i  Co;  SO* 
„,  IZH*;  SO* 
^76- i  Ni;  SO* 
IZH';  SO* 
"'•  1  Cue  ;  SO* 
„„  IZH';  SO* 
''^iHgc;  SO* 


H* 

SO* 

ZH* 

SO- 

Na 

SO"     ■ 

371. 

Fe 

SO' 

H* 

sc 

ZH' 

sc 

*g 

so- 

373. 

Fee 

SC 

;h' 

so* 

ZH' 

SC 

u 

so* 

373. 

Pb 

sc 

H* 

sc 

ZH* 

sc 

Un 

so* 

374. 

Zn 

sc 

SDLPHATEa   WITH  IHOBQANIC  nCB-AKUONS. 

roup  consists  of  double  sulphates,  in  each  of  wliich  normal 
n  is  0R>  of  the  positive  radicals.  The  systematic  names  arc 
lO  save  room.  They  may  be  foand  by  substituting  the  name 
iracteristic  radical  in  each  salt  for  the  word  lydra  in  the  model 
Ed  to  No.  266,  thus: 

No.  371  is  Ferrons  aromona  bistilphete. 
a7  3  is  Ferric  anunona  bisulphete. 
ary  name  of  No.  266  is  bisulphate  of  ammonia  -  NH'O.SO' 
>*.     The  usual  name  of  No.  367  is  sulphate  of  soda  and 

Grodp  D. 

379.  ZH*;  SO"  +  j(Alc,SO')  +  Aq". 

380.  ZH*;  S0"+  }(Crc,SO*)  +  Aq". 

381.  Zff;  SO"  +  3(Mnc,S0')+ Aq'». 
38a.  ZH*;  SO*  +  3(Fec,S0')  +  Aq". 

roup  consists  of  the  compounds  that  are  comnioiily  called 
-Alums.  The  systematic  name  for  No.  379  is,  anunona 
ris  alic  sulphete  cum  aquabete.  Its  common  name  is  sulphate 
a  and  ammonia,  with  34.  atoms  of  water  of  crystallizatMHi, 

(NH'CSO")     +CA1'0',3S0»)  +  34Aq.  Gmetin. 

(HO.SCHAd  +  6Aq)+Al'0',3SO'  +  i8Aq.  Kane. 
rormnlffi  apply  equally  to  the  other  examples,  only  changing 
',  Un',  and  Fe';  for  in  all  these  salts,  the  usual  theory  of 
assumes  the  existence  of  a  tersulphate  of  the  seequioiide  of 
iterizing  metal. 

Group  E. 
f    ZHSSO"      I 

<     Uc.SO*  VUric  ammona  bisulphete,  bis  uric  hydrate, 

t    (Uc,HO)«      I 
j     ZH',SO» 
t     ZH*,NiO 

j(ZH'Cuc,SO*)*lBis  cupricam   sulphete  cum  ammona  am 
tzH'.ZH'O         (     monate. 
J  ^'^°*  ^  jcupricam  cupric  bisulphete. 

j  H 'ho     f  **^'^''*'™  sulphate  cum  merous  hydrate. 

1  H      HO    f^*^'*^™  Kulphete  cum  meric  hydrate. 

I  ^^PK,Sff     IPlat'carasulphetecumplaticsulphete. 


SULPHATES  OF 

Dedal  Naues  and  Tosmvi,e. — 383,  Sulphs 
ammoDia  =  uraDO-ammoDic  sulphate  =  NH^,SO 
GtruHn.  It  may  be  well  to  put  here  the  usual  n 
Sulphate  of  uranons  oside  and  ammonia  =  urana 
KH'0,SO'  +  UO.SO*.  Gmelin.  384,  Niccolo-s 
HH-OjNiO  =  NH*0,SO*.  Gmelm.  285,  Cupro 
coiffum  ammoDiaede  =  NIP.CuO  +  NH'O.SO". 
Wc  sulphate  of  cnpric  oside  and  ammoiiia  =  N  H 
CaOiSO"  +  CnO.SO".  GnxUn.  Observe,  that  N 
2i6,  are  all  ammoniacal  sulphates  of  copper,  at 
mrcins  oxide  with  mercuroua  amide  =  H^,NH*  H 
iSB,  Trisnlphate  of  mercuric  oxide  with  mercuri< 
torpethura  =  Hg.NH"  +  sHgO.SO*.  Gmdm. 
No.8i.] 


Sulphates  of  Organic  Vice-ammons 

290.  ZBP.CH*;  S0»  .  Methylam  B 

agi.  ZIP.CH*:  SO"  .  Acetylam  si 

aoa.  ZIP.CH';  SO"  .  Phenylam  a 

295.  ZH-.C^K:!;  S0»  .  Chloric-phei 

394.  ZIP.C^'I;  SO"  .  lodic-pheny 

295.  ZtP,(?H',Cac;  SO"  .  Cupric-phen 

296,  ZH'.Cfl' ;  .  SO*  .  Toluenylam 
I        ZH.CTET ;  SO*  1„  ,     ... 

397.  j  '     H ;  SO*  n^  ""^^^  ' 

398.  {        ™'^!  1^  jpiumba  indylac 
^99.  I      ^'<^j|?[Hydrai.dy.a. 

300.  I    2ff  ^"^'  ■  io*  JNapl'tylBm  ami 

J  Z,CH»,CH'j  SO*  ISuccioylic-ben 
J"'-  I  CTP;  SO*  f     phenylasulp 

j  Z.CTT.CH*;  SO"  ISuccinylec  snl 
30a.  ^  (,jp .  gQ,  j^    aniphete. 

j  Z,{7H',<?H»;  SO*  JBenzylec  anlpl 
3°3-  \  C-H';  SCf    Bulphete. 

J  Z,CTIS(?H' ;  SC  1  Acetylic  -  benz 
3°4-  ■(  C?H* .  SO*  (     phenyls  sulp 

]ZC"H",CH';  SCiCuraylic-benzj 

5°5-  \  cm' ;  SO"  I     phenyla  sulp 

506.  ZH,(CH")' ;  SO*  +  3(Alc,SC)  +  A< 

tris  alic  gulp 


232         SULPHATES  OF  OltOA^IO  TICE^AMMONS  AND  TICE-AMID6. 

Usual  Names  and  Formula, — 290,  Sulphate  of  methylamme  s 
C*H*N,HSO*.  291,  Neutral  sulphate  of  aoetosamine  =  2C*H»N,2HO, 
8*0*,  Gerhardt.  292,  See  aniline  24].  293,  See  aniline  26].  294, 
See  aniline  27].  295,  See  aniline  25].  296,  Sulphate  of  toluidjne 
=  2C"H*N,S*0*,2HO,  Gerhardt.  297,  See  indigo,  48].  298,  See 
indigo,  49].  299,  See  indigo,  46].  300,  Bisulphate  of  seminaphtalidam, 
orbLsuIphate  of  azonaphtylamine  =  C"H"N*,S"0",2H0,  Gerhardt.  See 
No.  208. 

{Diazoture  of  sulphophenyle,  of 
benzoile,  and  of  suocinyle    s=N*; 
=  C«H^N"S^O" 


C»«H»S«  O* 
C"H»S«  O* 


Gerhcordt. 


302. 


J  Azoture  of  sulphophenvle,  and 
I     of  succinyle  =  (^•H»NS«0» 


Dibenzo  -  sulphophenylamide 
=  (C«»H»»N«0»N),  or; 


303.   - 


Azoture  of  sulphophenyle  and 
of  benzoQe  =  C*H»NSO* 

Azoture  of  sulphophenyle,  of 
benzoile,    and   of  benzoile 
,     =  C*^"»NSVy» 


_  ^  J  C"H»S«0 

few    on 

-^C"H»     O'VN 

lC"H»,2S0«J 

(CTI»SO« 

=n{ctpo 

1(7H*0 
C»«H»S«0* 


Gerhardt. 


MOer. 


Gerhardt, 


fC»«H»S«( 

=  N^e*H»0» 

tC"H»0» 


Crerhcurdt. 


Gerhardt. 


For  an  account  of  the  preparation  of  this  salt,  see  No.  327. 

[Azoture  of  sulphophenyle,  of  fC*"H*S*0* 

304.  <     benzoile,    and    of    acetyle   =N^C*^'0*        Gerhardt. 
[     =  C-H^NSK)"  loHW 

Azoture  of  sulphophenyle,  of  rC*'H*S'0* 

benzoile,    and    of    cumyle   =N<C**H*0*       Gerhardt. 

305.  -      =  C*^"NS«0»  [C«TH"0» 

I  (CH'SO* 

\     =  C"W»NSO*  =Ni(7IP0 

305.     The  alum  of  trimethylamine 

=  SO*,N(C«H»)»HO  +  3S0',A1«0»  +  24  aq. 

_l  aior     . 

1      38K 

Professor  Miller  quotes  No.  303  as  an  example  of  a  **  tertiary  amide, 
in  which  each  equivalent  of  the  hydrogen  of  ammonia  is  displaced  by  an 


24  aq.  Gerhardt. 


THE  POLYTHIOSATES  OF 

eqnivalent  of  an  organic  radicle,"  and  beapol<^z»forite  " 
md  unwieldy  name."  It  would,  perhaps,  have  better  si 
CDmstances  k  he  had  apologized  for  the  wildoess  of  the 
gHTc  rise  not  oulj  to  the  name,  but  to  the  fbrmdee  ;  or  d 
Miller  really  believe  in  the  propceition,  that  such  compoan 
and  C'H'O',  and  (more  wonderful  still)  CH'S'O*,  can 
one  of  the  three  atoms  of  hydrogen  which  belong  to  ami 
eampony  with  the  nitrogen,  constitnte  an  ammonia,  rwr^ 
and  not  a  salt?  Does  he  beliere  liiat  the  fbrmnke  which  . 
from  Geriiardt  to  represent  the  componnd  No.  joi,  prove 
tiMi  of  that  componnd  to  be  that  of  an  ammonia?  It  seen: 
this  new  "  ammonia  type  "  of  Qerhardt's  is  a  press  by  mi 
anything  yon  wiah  to  pnt  out  of  yonr  way — hydrt^ien,  i 
carbons,  metalloids,  oxjgea,  nitrogen,  and  everything  e 
aoeired  into  the  form  of  an  "  ammonia,"  without  r^ard 
necessity,  or  ntility.  It  is  a  short  and  sharp  way  of  ( 
bnablesome  things,  just  as  novelists  and  dramatists  kill 
who  become  superfluous.  The  ammonia  ^pe  is  an  at 
thit^  in  its  own  way.  Jnst  as  the  bed  of  Procnistea  suited 
vided  the  short  men  were  racked  longer  and  the  long  : 
shorter,  so  the  ammonia  type  suits  all  sitrogenous  salts, 
ue  properly  trimmed  to  fit  it. 


The  Polyihionates  of  Ammonia. 

This  section  includes  the  salts  that  are  formed  by  drj 
with  anhydroDs  osysulphur  adds. 

;07.  ZH*,SO  +  ZH'.SO  .     .     Amida  sulphate  cnn 

sulphate. 
|08.  ZH',S0  +  H,SO      .     .     Amida  sulphate  cui 

sulphate. 
^09.  ZH',SO  +  ZEra     ,     .     Amida  snlphate  cue 

chloiB. 
la  ZH*,ZH*;  8*0*  .  .  .  Ammona  ammona  e 
II.  H,ZH*;  S-C.  .  .  .  Hydra  ammona  Bul] 
I  a.  H,ZH»;  SSy  ....  Hydra  amida  sulphf 
I].  ZH*,ZH*;  5*0*  .  .  .  Ammona  amida  sul] 
J    H;ZH*;S'0'|  Hydra  amida  sulph. 

^+]ZH*;ZH*;  S'O't     ■     "         ammona  amida  SI 
15.  ZEVSHD*  +  2H',S*0'  .     Ammona  sulphenet) 

snlphenete. 

,16.  ZH'jSV)" Ammona  sulphenite 

7.  ZE'iSSIC Ammona  sulphinite 
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317a.  ZH*,SO*  +  (HSO)"    .     Ammona  sulphete  bia  hydm 

sulphate. 
P  jZH*SO  +  HSO\  Hydra  ammona  bisulphate  cnm 

3^^-"|(ZH*)«;  S*0»      I     •     •         ammonen  sulphonite. 
319.  (ZH^)',SX)"  +  -^Aq  .     .     Tris  ammonen  sulphonite  cum 

aquate. 

Usual  Names  and  Formula. 

307.  ZH',SO  +  ZH^SO  .     .     Amida  sulphate  cum  ammona 

sulphate. 

According  to  Miller,  this  compound  is  produced  by  mixing  diy  sul- 
phurous add  gas  SO  with  an  excess  of  dry  ammoniacal  gas.  Two 
volumes  of  SO  and  four  volumes  of  ZH*H,  that  is  to  say,  two  atoms  of 
each  compound,  combine  to  form  this  salt  Miller  calls  it  sulphurous 
ammonide  =  H'N,SO^.     Gmelin  does  not  admit  of  its  existence. 

308.  ZIPjSO  +  H,SO      .     .     Amida  sulphate  cum  hydra 

sulphate. 

Miller  informs  us,  that  this  compound  is  produced  when  an  excess  of 
dry  sulphurous  acid  gas  is  mixed  with  dry  ammoniacal  gas.  Gmelin 
states,  on  the  authority  of  Rose,  that  in  whatever  proportions  the  two 
gases  are  mixed,  they  always  condense  in  equal  volumes.  Miller's  for- 
mula is  H"N,2S0*.  Gmelin  gives  it  two  formulflB,  NH*,2S0"  and 
NH^SOjSO",  and  names  it  sulphit^mmon. 

It  differs  firom  bisulphite  of  ammonia.  No.  3 1 1,  by  one  atom  of  water, 
thus — 

ZIP,SO  +  HSOl  ^  2H*§0«  +  HSO. 

When  it  is  dissolved  in  water,  it  speedily  produces  sulphate  and  trithio- 
nate  of  ammonia — 


I  =  Trithii 


ZH',SO  +  HSOl         f  ZH*,SO« 

ZH*,SO-|-HSOl         j  HSO     y  =  Trithionate  of  ammonia. 

H*    O  (    "^    ]  HSO 

H"    O  11  ZH^iSO'    c=  Sulphate  of  ammonia. 

Compare  the  note  descriptive  of  No.  315. 

309.  ZH',SO  4-  ZH^Cl      .     Amida  sulphate  cum  ammona 

chiora. 

A  mixture  of  sal-ammoniac  and  sulphamide  =  NffjSO*  +  NH*C1, 
Gmelin,  A  white  soluble  powder;  Sulphamide  =  ZH",SO  has  not 
been  isolated. 

310.  ZH^;  ZH*;  S*0*  .     .     Ammona  ammona  sulphenite. 
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Analytical  formula  =  ZH*;  SO +  ZH*,SO*.  T 
snlpbite  of  ammoDia. 

311.  H;ZH*;S»0»  .  .  Hydra  ammi 
Analytical  formula  =  ZH',iJO  +  H.SO*.  Usual 
ammouia. 

31a.  H;ZIP;S'0»  .  .  Hydraamidi 
A  hypothetical  cconpound;  not  yet  produced.  1 
lion  is  =  ZH-SO  +  H'SO";  the  H'  l>eii^  repla 
radical.  Usual  name :  Sulpbamic  acid  =  HO.H'I 
icinmila  of  the  sulphamates,  according  to  thi 
ZffSO  +  M'SO*,  or  IT;  ZIP;  S'C.  That  is  to  1 
bib^c  sulphites,  in  which  ZH*  is  conatantly  01 
ndicals.  According  to  Dr.  Miller's  formula,  this 
call  an  amidated  hyposulphate ;  bnt  we  have  not  t 
to  show  that  the  amidogen  in  this  salt  acts  as  pa 
nor  that  the  salt  is  a  hyposnlphate.  In  &ct,  if  ZH 
basic  radical,  then  the  existence  of  two  positive  rad 
Gdeat  proof  that  it  is  not  a  hyposolpbate.  See  the 
p^  195,  and  in  the  cscamates,  page  336. 

313.  ZH' ;  ZH»;  SV  .     .     Ammona  an 

Analytical  forniala  =  Zff.SO  +  ZH'.SO".  Pro. 
a  current  of  dry  ammonjacal  gas  =  ZffH  over 
add  =  5,30*,  keeping  the  latter  in  excess.  Comm 
ammonide  or  Sulpliat  ammon  =  ffNiSO",  MUer. 
=  NH'.SO',  Gmdin.  Siilphamide,  Dumat.  Si 
It  is,  of  course,  the  ammonium  salt  of  the  hypoth 
No.  313;  and  it  is  sometimes  called  the  sulpl 
Gmelm  describes  a  "  deliquescent  sulphate  of  ar 
to  agree  with  the  formula  ZH*;  ZH»;  S'C  +  4aq. 
.    (    H;ZH*;S'0'|  Hydra  amidi 

?  »  4- 1  ZH' ;  ZH" ;  S-C/     "         ammona  a 

"  According  to  Jacqnelain,  this  compound  may 
tihl  transparent  crystals  by  transmitting  the  vap( 
phoiic  acid  into  ammoniacal  gas  in  excess;  the 
obbined  is  fiised  in  a  current  of  dry  ammonia,  ai 
The  crystals  obtluned  on  evaporation  consist  of  3I 
dioQgh  the  eolation  of  this  compound  has  an  adc 
precipitate  with  salts  of  baryta,"     Miller. 

Compare  the  three  formulse  31a,  313,  314.  I 
represents  a  double  salt  composed  of  313  +  313. 
called,  according  to  the  ordinary  theory,  the  acid  sul 
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»  does  not  give  it  that  imme.    The  reader  will  find  it  importut 

the  evidence  afTorded  by  this  salt  of  the  existence  of  dooUe 
'.  The  presence  of  the  replsce&ble  atom  of  H'  is  the  cause  of 
reactioD.  The  non-precipitatioti  of  salts  of  barjta  uay  be  doe 
rmation  of  a  soluble  douUe  salt  agreeing  with  the  formula — 

J  Ba;  ZH*;  S'O'l 
(ZH*;ZH»;S*0"r 

I ZH*;  8*0*1  Ammona  sulphenete  ami 

'''••(ZH'jS'O'f     •     •     ■         amida  sulphenete. 

i  allnded  at  page  1 70  to  the  existence  of  a  ciaaa  of  oi}'EDlpliiir 
lich  agree  with  the  fonnnla  H',SO  +  SO  or  H'.Si:^.  This 
id  may  be  a  double  salt  of  that  series,  but  its  composition  a  nn- 
I  have  grouped  the  elements  into  a  different  formula  at 
.  Other  views  of  the  composition  of  this  salt  are  described  ia 
1  Handbook  of  Chemistry,  vol.  ii.,  p.  4;6.  It  is  possible  that 
f  exist  which  agree  with  both  fbrmuke. 

J 1 6.  ZH.';SKf,     ,     .     .     Ammona  snlphenite. 

npound  coDtainiog  S*0*,  with  one  positive  radical,  c(»iEtitntiiig 
aelin  properly  calls  a  hyposulphate.  His  formula  is  KH'O.S^)', 
',  which  I  have  omitted  in  the  above  formula). 

317.  ZH*;  SKf  .     .     .     Ammona  eulphinite. 

iZH'SO*)  Ammona  sulphete  bis  hydra 

(HSG)*!"     *     •         sulphatfl. 


■  qnot<?s  H*NO,S'0'  as  the  fonnnla  of  (he  triddonate  of . 
produced  by  the  decomposition  of  the  salt  No.  308.  This  for- 
rald  require  No.  317;  but  in  the  presence  of  water,  the  compound 
nld  be  produced  is  that  which  is  represented  by  the  foimula 
a.     Consult  the  Theory  of  the  Tiithioiiates,  page  168. 

a    (ZH*SO  +  HSO)       Ammona  hydra  bisulphate 
3"-  t(ZH')';  5*0"      ( ■         cum  ammonen  sulphonite. 
319.  (ZH*)';S'0'  +  4aq  Tris  ammonen  sulphonite 

in*a  hyposulphite  of  ammonia  =  3(NH'0,S*C^  +  HO,  admits 
nation  either  by  No.  318  or  ^19,  according  as  it  is  considered  lo 
Irated  or  an  anhydrous  salt.   See  die  Theory  of  the  Hyposulphites, 


Sulpliits  contaiiung  Vice-Amids  and 

The  condttioiis  of  the  eisstence  of  a  sulphite  a 
two  positive  radicals,  two  atoms  of  salphnr,  and  t 


}ja  CH*: 

ZH" 

&fy  Mediylaamida 

iio-.CTH". 

ZH- 

S'O'  Benzyla  ammoi 

iU.H: 

ZH, 

CH' 

S"©"  Hydra  phcaylac 

511.  ZH'i 

ZH, 

CH' 

S'O'  Ammona  pheoj 

i'i-  M; 

ZH, 

CH- 

&C^  Ajgenta  pheoyi 

!14-  fill 

ZH, 

CH- 

St/  Baryta  phenyls* 

jiS.  cm' 

ZH, 

CH- 

S'O'  Benzyla  phenvli 

J.S.  C"H' 

:ZH, 

CH- 

S'O'  Cumyla  phenyl* 

!"7-  Agi 

ZCH',CH' 

S'O'  Argenta  b«nzyL 

318.  CH', 

ZAg 

CH' 

S'C  Benzyla  argenti. 

S'9-Hi 

ZH, 

C-H' 

S'O'  Hydra  naphtyla 

J)aK; 

ZH, 

CH' 

S'O'  Potassa  naphtyl 

HI.  Ki 

ZH, 

CH" 

S'C  Pottasa  tolueny 

)3i.  ZH'i 

ZH, 

aw 

S'C  Ammona  toluei 

iJ3-  (Zff, 

CH7 

S'C  Indylamen  snip 

Ubuil  Naues  and  FoRuni. 

520.  CH* ;  ZH» ;  S'O'.  Methyia  amida  at 
formola  =  ZH'SO  +  CH'.SO*.  This  gait  correap 
«2C«ption  that  the  replaceable  positive  radical  in 
It  is,  therefore,  according  to  t^e  usual  theory,  the 
tbe  trJTial  name  of  which  is  sulphomethylaoe. 
systematic  name  ia  Schwefel-Fomiamesler  =  C 
((notes  the  following  fomiui£e  =  CH'NS'0*  and 
hanlt's  name  and  formula  are,  ^ulphamethyk 
methyl  =CH'NS'0' 

=  1  f?IPOf'  s"^  l^ '"i'fc 'lie  information 

represents  the  hjdrate  of  an  oxide  of  ammonium 
by  SO*."  I  miffht  reasonably  infjuice,  whether  "  I 
rf  ammoninm,'  in  which  H  has  been  replaced  I 
"  the  hydrate  of  an  oxide"  of  ammonium  ?  For 
•mmonium  having  the  formula  (ZH,H,SO',SO'j 
existence  is  impossible. 

The  following  is  Professor  Gregory's  accon. 
"  When  a  current  of  ammonia  is  niade  to  act  on 
methyl,  there  is  produced  a  cr)-stalliae  conipoi 


irv/1-  '"^v^  ?**'.?•■'► 
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has  been  called  sulphamethylane,  and  may  be  viewed  as  axamethjlane, 
in  which  sulphamide,  SO*,NH",  has  been  substituted  for  oxamide,  CW, 
NH* ;  or  SO",  for  C?0*.  It  may  also  be  considered,  if  oxametfiylane 
be  the  oxamate  of  oxide  of  methyl,  (HPO  +  C*H*NO*,  as  composed 
of  oxide  of  methyle  and  a  peculiar  acid,  formed  of  hyposulphuric  acid 
and  amide,  or  rather  of  sulphuric  acid  and  sulphamide,  and  which  may 
be  called  sulphamic  acid ;  and  its  formula  will  be  CHK)  +  (8*0*, 
NH*),  or  C*H»0  +  (S0»  +  NH«,SO*).  On  this  view,  sulphamethylane 
is  the  sulphamate  of  oxide  of  methyle." — Handbook  of  Organic  Che- 
tmstry  (1856),  page  179. 

This  paragraph  contains  an  excellent  summary  of  the  views  that  are 
now  entertained  by  organic  chemists  in  respect  to  this  compound,  and 
these  views  manifest  a  state  of  bewilderment  which  is  calculated  to 
inspire  little  confidence  in  the  minds  of  chemical  students. 

320'.  (7H*;  ZH*;  S*0',  Benzyla  ammona  sulphate. 

Usual  Name :  Sulphite  of  benzosum  and  of  ammonium 

(SO 
=  <7IP(NH*)0,S0»  =  0»  {(JB.'     Gerkardt. 

321.  H;  ZH,C«IP;  S*0» Hydra phenylacsulphenite.  Analvtical for- 
mula =  ZH,CH*  ;  SO  +  H'SO".  Compare  this  formula  with  No.  312. 
The  salts  are  similarly  constituted,  excepting  that  one  of  them  contains 
amid  as  a  constant  basic  radical,  where  the  other  has  phenylac.  In 
both  salts  there  is  one  replaceable  atom  of  hydrogen,  H' ,  which  gives 
rise  to  a  series  of  neutral  sulphites. 

Ostuil  names,  — Sulphanilic  add ;  anilamic  sulphuric  acid,  or  anilosnl- 
phamic  acid  =  C«IFNS»0«  =  HO .  S0» ;  C^H'N.SO*  =  HSO*C^1PN,S0* 


=  HO.S  I  ^d^^-  ffofmann. 


Sulphanilic  acid,  or  phenyl-sulphamic  acid  =  C'*IFNS*0*,  Gerkardt. 
Sulphanilic  acid  =  HO,e*H«NS*0*  =  HO,C'«H»,HN,S«0*,  MiMer.  Sul- 
phanilic acid  is  formed  by  heating  aniline  with  strong  sulphuric  add. 

322.  ZH*;      ZH,OB*;  8*0",  Ammona  phenylac  sulphenite. 

323.  Ag;       ZH,C*H*;  S*0^  Argenta  phenylac  sulphenite. 

324.  Ba;        ZH,CH*;  S«0»,  Baryta  phenylac  sulphenite. 

325.  (7H*;    ZH,CH*;  8*0*,  Benzyla  phenylac  sulphenite, 

326.  e'^H"  ;  ZH,C«H* ;  S«0*,  Cumy la  phenylac  sulphenite. 

These  ^yq  salts  are  formed  by  the  replacement  of  H,  in  the  so-called 
sulphanilic  '*acid"  No.  321,  by  the  positive  radicals  that  are  exhibited 
by  the  different  formulffi.  Of  course,  these  are  the  salts  that  are  com- 
monly called  sulphanilates.  I  will  nevertheless  quote  the  ordinary 
names  and  formulae  of  each  salt. 


i"  .  --^^'^gr^ 
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332,  Sulphanilate  of  ammonia  =  C»H«(NH*)NS*0»,  Gerhardt, 

=  NH^3,s|^^^SO»,-flo/wann. 

}2},  SulphanUate  of  saver  =  C**(ffAg)NSKy,  Hofmann.  324,  Sul- 
phanikte  of  barytes  =  C"(H*Ba)NS«0',  Hofmann,  325,  Analytical 
IbmiakB,  ZH,C^H*;  S0+C7H*;  S0».    Usual  names:  Benzo-sulphophe- 

Djiamide  =  <C"H\)*      \  N,  MtUer.     Azoture  of  sulphophenyle,  of 


(C«ff,2S0») 


(CTI*SO» 
benzoile,  and  of  hydrogen  =  N  ^  (7H*0      GerJiardi.     The  following 

I    H 
reaction  exhibits  the  formation  of  this  salt  from  No.  342,  when  acted 
upon  by  the  compound  CH*,  CIO  =  Benzyla  chlorate,  commonly  called 
chlixide  of  benzoyl. 

7,T        ,'   JZH,CTI»;  son      (ZH,C»H»;  SO  )     ^       ,, 
^^-  34^  {         Ag;  SofU         (7H»:  SO-r ^^-  S^S- 

(7H»;  ClOJ      i  Ag;  d 

326,  Azotnre  of  sulphophenyle,  of  [CTI*SO* 

cumyle,   and  of  hydrogen   ^Hi  Icm^'O  Oerhardt 
=  C»*H»^SO»  I     H 

It  is  amusing  to  notice  the  varieties  in  the  formulae  which  the 
ingeouity  of  chemists  has  provided  for  the  sulphanilates.  The  salts 
are  evidently  formed  on  a  single  model,  but  the  formulae  are  very  agree- 
ably diversified,  and  all  in  accordance  with  the  well-known  philosophical 
axiom,  that  "  the  farthest  way  round  is  the  nearest  way  there.'' 

327,  Ag ;  Z(7H*,CH* ;  S*0".   Argenta  benzy lic-phenylac  sulphenite. 

328.  (7H*;  ZAg,CH*;  SKf.  Benzyla  argentic-phenylac  sulphenite. 

Nos.  327  and  328  are  different  furmulae  to  represent  the  same  com- 
pound. The  salt  differs  from  No.  323,  in  having  the  amidec  Z(7H*,C*H*, 
instead  of  the  amidac  ZH,C'H^  It  may  also  be  compared  with  the  salt 
Na  325,  from  which  it  is  prepared,  and  from  which  it  differs  by  con- 
taining ZAg,C«*  instead  of  ZH,C"H*.  Whether  the  silver  acts  as  a 
base  per  se^  or  is  in  the  condition  of  argentic-phenylac  is  undetermined. 
The  following  reactions  are  interesting,  but  undecisive  in  this  particular : 

cm*;  ZH,eB*;   S«0»)   _    I(7H*;  ZAg,OH*;  S«0» 
Ag;   N0»r  -  t  H;NO». 

OTP ;  ZAg,C«H*;  S«0»  {       J  ZC?H»,(7H» ;  S0«1    ,    .  ^ 
cm*;  CIO  f  "^  1  CH*;  SO«f  '^  ^S^*' 

The  product  of  the  last  reaction  is  the  salt  No.  303. 
Usual  name  of  No.  327 : — 

C="H»,2S0« 
Benzosulphophenylargentamide       =  C"H*0* 


>  N,  Mtller. 


>Tr»™ 


>-'  -f' 


240      HTPOSULPHATES  OONTAININa  VICE-AMIDS  AND  VICE-AMM0S8. 


Azotture  of  sulphophenyle,  of  \   _ 
bezizoile  and  of  silver. 


}-- 


(7H»0     Gerhardt, 
Ag. 

329,  H;  ZH,C"H^;  S"0»,  Hydra  naphtykc  sulphenite;  Analytical 
fonnula  =  ZH,C»*IF ;  SO  +  H,SO». 

Thionaphtamic  acid  =  C"H''NS"0«,  Gerhardt.  Compare  with  No.  337. 
3  JO,  K ;  ZH,C»«H';  SK)*;  Potassa  naphtylac  sulphenite. 
Thionaphtamate  of  potash,  Gerhardt.     Similar  salts  are  formed  with 
ZH*,Ba,Pb,  instead  of  K.     Compare  with  No.  338. 

331.  K;  ZHjCTET;  S^   .     .     .     Potassa  tolueny lac  sulphenite. 

332.  ZH*;  ZH,C^H^;  8*0*     .     .     Ammona  toluenylac  sulphenite. 

These  salts  are  called  thiotolamates  or  thiotoluolates.  Formula; 
C'^NH'KS'Cy  and  C"NH«(NH*)2S0»,  GtnsUn.  The  thiotolamic  add 
has  not  been  isolated. 

333.  (ZIP,CH")";  S"0»,  Indylamen  sulphenite.  See  Indigo,  Na  50.] 


Hyposulpbates  containing  Vice-Amids  and  Vice- 

Ammons. 


A  hyposulphate  must  contain  two  atoms  of  sulphur,  three  atoms  of 
oxygen  and  one  positive  radical. 

^^'^^^*      '  S*^  I  ^y^  plienylac  bisulphenite. 

(st^{  Baiyta  barytic-phenylac  bisulphenite. 

8*0*) 

ctry  \  Argenta  argentic-phenylac  bisulphenite. 

gtQ8| 

S'O"  >  Naphtylem  amida  bisulphenite. 

S'O'  I  N^P^fyl^^  aigentec  bisulphenite. 

ZIPZn ;  S»0»  +    ZH^H  Zincam  sulphenite  cum  amida  hydra. 
ZH'Ni ;  S*0»  +  2ZH«H  Niccolousam    sulphenite   bis  amida 

hydra. 


334 

335 

336 

337 
338 

339 

340 


Ih 

jZBa,CH* 

IBa 

jZAg,C^» 

lAg 

jZH«,(C'«IF)« 

\ZH« 

jZAg* 


Usual  Names  and  Foemul^. 

334.  H;  ZH,CH*;  (S*0»)«,  Hydra  phenylac  bisulphenite. 

Analytical  formula  jZH,CH*;  S0«  +  SO) 
See  page  172.     \  H;S0*4-S0j 

Compare  this  compound  with  No.  321.     The  basic  radicals  H  asd 
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ZH,CH\  are  combined  Id  321  with  St)",  id  334  wi 
reversing  the  staodanl,  we  nave,  to  the  same  quaotit 
/our  basic  radicals,  in  3J4  two  basic  radicals.  Huna 
and  3J4  fl  double  hj'posulphote.  This  compound  is  p 
dry  sidphanilic  acid  with  fuming  sulphuric  acid.  It 
BmktoQ  and  Hofraann,  who  call  it  disulphanilic  aci 
fimnula  C'H'NS'O",  According  to  these  chemist 
and  perfectly  new  bibaslc  acid,  which  forms  salts  tl 
foraiiila  C'XH*M')NS'0".  There  is.  however,  no  evi 
ixistence  of  this  peculiar  acid,  or  to  warrant  the  forni 
trliich  it  produces  as  if  they  contained  any  new  add. 
double  hyposulphates  and  nothing  else. 

335.  {^^*^'2'.|!2j  Baryta  baryUc-phenyla 
33^-  \  Ag;S*CCJ'*'^8«>taargentic-phen: 

Tbeee  are  salts  of  the  so-called  "  disulphanllic  acid,' 
(Sn  be  formulated  in  t^  more  simple  manner  thuu : 

334.  ZH*;    CW;  (SK)*)*  =  AmidaphenyUl 

335.  ZBa';   C^iP;  (S'C)'  =   Barytec  phenyla 

336.  ZAg*;  CH";  (S'O')*  =  Argentec  phenyl 
Bat  these  formula  are  fbnnded  on  the  notion  of  the  o 
of  the  aniline ;  and  I  cannot  t«ll,  from  the  account  wl 
lisbed  by  Messrs.  Buckton  and  Hofmann,  whether  th 
frface  or  not:  These  formula  account,  in  a  very  simj 
bihdsic  property  of  disulphaniiic  acid. 

5JS-  IZAgAg;  S-O-l  Naphtjlem  argentec 

Wbai  thionaphtamic  acid  (No.  329)  is  prepared, 
yifjds  a  componnd  having  diiferent  properties,  but  th 
compceition  as  that  acid.  See  Gerhardt,  on  the  author 
de  Chirm  Organique,  tome  iii.  472.  Gerhardt  calls  i 
and  Sulpho-naphtalidamic  acid.  His  formula  is  C**H 
of  the  Mlta  is  C"H"MNS'0'.  These  formnlB  agree  pi 
which  he  gives  for  the  thionaphtamates.  We  give,  h 
of  reason  for  the  isomerism  which  is  found  here,  if  we 
of  salts  the  formuls  given  at  Nos.  329  and  330,  ar 
those  given  at  Nos.  337  and  338,  It  in  favourabli 
tioQ,  that  the  salts  which  I  have  formulated  as  livposi 


riTH  YICE-AHHOHS  AND  VlCErAUlDS, 

eitioD  than  those  which  I  have  described  u 
if  withstanding  the  decompovng  action  cf 
( the  hypoGolpbates  geneiaUy. 
IH*H.  Zincam  aulpbenite,  cum  amida  hydia. 
^mmonio-hj'poeulphate  of  dnc-oxide  =  3NIF 

:ZH*H.  NiccoloQsem  snlphemt«  cum  amida 

hydra, 
inla:    Ammonio-hjpoeulphate  of  nickel-onife 


h  Vice-Ammons  and  Vice-Amids. 

HSO.  Fhenylac  sotphate  cum  hydra  sul- 
phate. 

AgSO.  Phenyloc  sulphate  cam  ai'^enta 
sidpbatc. 

CISO.     PbenyUc  solphate  cnm  chlora  sui- 

ZiDcamen  sulphooite. 
L  Names  and  FoRunu:. 
HSO.  Pheoylac  sulphate  cum  hydra  sulphate. 
oraiotoreof  fCH'SO* 

lofhydroEet)     =  Ni     H  Gtrhardt. 

I    H 
gSO.  Phenyhic  sulphate  com  argenta  suipbate. 
■phenyle,    of  [CTI'SO' 

hydr<:^n  =      =  K  <     Ag       Gerhtsrdt. 

CISO.  Phenylac  sulphate  cum  chloni  sulphate 
le  =  C'HJS'O'CI,  Gerhardt. 
a  be  formulated  thus : 
SO)*     .     .     Hydra  phenylac  bisnlphate. 
SO)*     .     .     Argenta  phenylac  bisulpbate. 
SO)'     .     -     Chlora  phenylac  bisulphite. 
.     .     .     .     Zincamen  sulphonite, 
fane-oxide  -  NH*  +  ZnO.S'C,  Gmelin. 
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Siilphenetes  containing  Vic 

_  JZH,CrH';  SK)"!  Phenyla< 

3+5- 1       CTI'iSH)"]"    •     ■         phenj 

Gerhardt's  name  and  forroula  for  this  salt  are- 
Azoture  of  disulphophOTyle  and  of  hydrc^ 

This  salt  is  procured  from  No,  34a  hy  am 
scribed  at  page  171. 

The  Cyanides. 

The  constitatioQ  of  cyanogen  and  the  cyanid 
cnased,  first  in  the  investigatioD  of  the  "  seaqu 
43,  and  secondly  in  the  article  on  the  "  nitriks 
A  third  discnssion  will  be  fonnd  in  the  inquir 
salts  of  "  aniline,"  beginning  with  No.  6a  in  thi 
the  article  on  "  Urea."  There  renain  only  a 
reqaire  illnatration  under  this  head,  the  most 
peritape,  nomenclature. 

SmOLE  CyANIDES. 


346.  HCy    . 

347.  KCy     . 

348.  AgCy  . 

349.  FeCy    . 

350.  FecCy  . 

351.  AuCy  . 
35a,  AucCy 
3?  3.  ZH%Gy 
3S4.  ZH'.Cy 


Potassa  cy 
Atgeatae 
Ferrous  cj 
Ferric  cya 
Anrouscy 
Anric  cyai 
Ammona  < 
Amida  cyi 


355.  ZH'Pt.Cy       .  Platoasam 

356.  ZffCCm'y.Cy  Bepzylem 

357.  AsCm'.Cy     .  Cacodylac 

358.  Cff.Cy     .     .  Mcthyla  tr 

359.  ZH,CIP;  Cy.  Methyiac  i 

360.  CH",Cy  .     ,  Amvia  eye 

361.  ZH.CH";  Cy  Amylac  c) 

362.  CH>,Cy    .     .  Phenylac 

363.  ZH,C^';Cy  Phffliylac; 


THE  CYANIDES. 


64.  ZH.(7H';  Cy      Toluenylac  cj-ana. 

65.  Z(C'H')* ;  Cv      Ethvlec  cyana. 

66.  Z,C*H",<?H';CyAmylic-piienylac  cyana. 


Double  Ctanides. 


67.  HFecCy* 
58.  KFecCy* 

69.  HAgCy* 

70.  KAgCy' 

71.  HCocCy" 
73.  AgCocCy' 

73.  HCreCy* 

74.  FeFeoCy*. 
,   |ZIP,CH' 

"■izH.cm' 

,  JZH'.CH" 

/^■tZH.CH" 

JZH'.CH* 

'7-  JZH  ,CH' 


Hydra  ferric  cytuien. 
Potassa  ferric  cyanen. 
Hydra  argeota  cyanen. 
Potassa  argenta  cyanen. 
Hydra  cobaltic  cyanen. 
Argenta  cobalijc  cyanen. 
Hydra  chromic  cyaneo. 
Fktous  ferric  cyanen. 
'  ^jToluenylam  tolnenylac  cyani-n. 


ICamenykni  curaeoylac  cyanen. 
^  tPhenylam  phenylac  cyanen. 


Triple  Cyanides. 


78.  HHFeCy'     . 

79.  KKFeCy"      . 

80.  FecFccFeCy* 
3 1.  CuCuFeCy*  . 
33.  CucCucFeCy' 


Hydren  fciTOUS  cyaninc. 
Potaaaen  ferrous  cyaninc. 
Ferrenic  ferrous  cyaninc. 
Cuprenous  ferrous  c}'anine. 
Cuprenic  ferrous  cyat " 


ij.  CH',CH',Fe,Cy'    Ethylen  ferrous  cyanine. 


34.  ZuZnUaCy"  . 


n  baryta  cyanine. 


Fourfold  Cyanides. 

35.  FeFec'Cy'     .     .     Ferrous  ferrinic  cyanone. 

36.  KNaFcc'Cy' .     .     Potasaa  natra  ferrenic  cyanone. 

37.  CuAg^y*      .      .     Cuprous  argentine  cyanone, 

38.  KAuc*Cy*     .     .     Potasaa  aurinic  cyanone. 

Cy  ASIDES  IN  DOUBLE  SALTS. 

,      iZH.CH'i  CvlPlienvlac  cyana  cum  phenylac 
*5-|ZH,CH';H  f      hydra, 

1 ZH  ,C  H' ;  Cv )  Toluenylac  cyana  crnn  toluenv- 
^■]ZH,CW;Bf     lachydra. 

{ZH  ,C"H^;  Cyl  Naphtylac  cyana  cum  naplitv- 
ZH.CH'jHf      lachydraJ 


THE  CVANlDEa. 

IZH,(?H'CI;  Cyl  Chloric-phenylf 
39^-  ^ZH,CT1'C1;  H  f      chloric-phem 
jZH.CH';  CyIt,,        , 

^  IZH.CH';  Cyl  Toluenylaccvai 
394-jzH',CH';Clf      chlora. 

,  JZH.CH';  CylNaphtylaccyai 
^^S-lzH'.CH'jClf      chlora. 

Usual  Names  and  Fokuui_e  of  tt 

Smqlb  Ctasides. — 346,  Hydrocyaoic  acid; 
=  HCj",  Gmelitt.  347,  Cyanide  of  potassium  = 
Cj-anide  of  silver  =  AgCy,  Gmelin.  349,  Protoi 
cyanide ;  ferrocyaneiseti ;  eisencyanur  =  C°N*I 
)J0,  Sesqnicyanide  of  iron;  ferric  cyanide; 
=  F(Wy*,  Gmetin.  See  page  30  in  tliis  work. 
gdd;  aurons  cyanide  =  AnCy,  Gmdia.  352,  Tf 
cyanide  =  AuCy*,  Gmelin.  353,  Cyanide  of  am: 
of  ammonia  =  NH^Cy  =  NH'.HCy  =  CN(Nt 
anamide,  or  azoture  of  cyanc^n  and  liydrc^en  =  ' 
Gerhardt.  3;;,  see  Platinum,  49].  35^, 
=  C"H"N*,  &6i»n,  Quarterly  Journal  Chem 
who  supposed  it  to  be  benzhydramide  (see  No.  2 
raoodyle  =  CNAsH'  =  CArH».C^H,  Gmeli. 
=  (?iPCN ;  cyanide  of  methyl,  ffi^arm.  359 
cyanic  methylamide  =  CH*N»  =  N(CH»,Cy,H), 
nideofamyle;  capronitrile;  cyanhydramiiio ether; 
=  C^",CNH,  Gmelin.  361,  Amyl-cyanamidi 
=  C^-'N*  =  N(0'H",Cy,H),  Girhardt.  36a, 
of  phaiTle  =  CH'N,  GerhariM.  363,  Phenyl-c 
=  (TH'n*  =  N(CTI',Cy,H),  Gtrhardt.  See  A 
hurl-cyanaraide  =  CTI'N'  =  N(CTF,Cy,H),  Gt, 
cyanamide  =  CH"N'  =  N(Cff,(?H',Cy),  Oar 
line.  No.  83]. 

Double  CrAHiDEa, — 367,  Hydrofenicyanic  t 
red  ierroprnswc  acid ;  ter -hydrocyanate  of  ferric  oi 
=  3HCy,FeH:y,  OJnelin.  368,  Ferricyanide  ol 
cyanide  of  potassiam ;  red  pnissiate  of  potash 
potash  =  3KCy,Fe^y  =  CN'K'.CN'F^,  Grm 
this  work.  369,  Argentopruasic  acid  =  HGy,A{ 
goitocyanide  of  potassium  =  KCy,AgCy,  Giadin 
tvaoic  acid  =  CN'H'.ClTOo'  =  3HCy,Co'Cy',  i 
tyaiude  of  silver  =  CN'Ag'.CN'Co*  =  3AgCy, 
Hydroctuomidcyaiiic  acid  =  3HCy,Cr*Cy*  =  C" 


■  ■■»"-. 
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374,  Prussian  blue;  Turnbull's  Prussian  blue  =  C"N"Fe»,(?N"Fe» 
=  3FeCy,Fe^y*,  Omdin,  See  page  41.  375,  Cvanotoluidine 
=  Cy,C»*H»N,  Hofmam,     376,  Cyanocumidine  =  Cy,C*«H'»N,  Hof- 

mann.     377,  Cyaniline  =  C!y,C'*H'N.      See  Aniline,  84],  where  lie 

reason  for  doubling  the  formula  of  the  salts  375,  376,  and  377,  is 

given. 

Triple  Cyanides. — 378,  Hydroferrocyanic  acid;  ferroprussic  add; 
ferruretted  chyazic  acid  =  2HCy,FeCy  =  CTO'FelP,  Gmdin.  379, 
Yellow  prussiate  of  potash ;  ferrocyanide  of  potassium ;  ferroprussiate  of 
potash  =  K»FeCy»  =  CN'FeK',  Gmdin.  380,  Ordinary  Prussian  blue 
(not  Tumbuirs;  see  No.  374,  and  refer  to  page  40)  =  CN'Fe^, 
iC'N'Fe*  =  3FeCy,3Fe*Cy',  Omelin,  381,  Cuprous  ferrocyanide 
=  Cu*FeCy*,  Gmelm.  382,  Cupric  ferrocyanide  =  Cu*FeC7* 
=  CNTeCu*,  GmeUn.  383,  Ferrocyanide  of  ethyl  =  (C^*)*FeCy« 
=  CN'FeAeP,  Chnelin,  384,  Cyanide  of  zinc  and  barium  s  Ba(^, 
2ZnCy,  Grmlin^ 

Fourfold  Cyanides. — 385,  Prussian  green;  green  cyanide  of  iron 
=  CH»Fe*,3C^Fe',  Gmelin.   386,  Double  salt,  red  prussiate  of  potash 
and  soda  =  K'Na»Fe*N»«C"  «  C*N«feKiNai,  Laurmt.     387,  Cupro. 
cyanide  of  silver  =  3AgCy,Cu"Cy,  Omelin.     388,  Auridcyanide  of  po- 
tassium =  KQr,AuCy",  GmeUn, 

Cyanides  in  Double  Salts. — 389,  Melanlline,  see  Aniline,  63]. 
390,  Metoluidine  =  C?^H*^,  W.  WHson,  391,  Menaphthalamine 
«  C«H''N»,  Ho/mam. 

These  three  compounds  have  evidently  a  corresponding  structore. 
Hence,  the  criticism  given  in  the  note  to  Aniline,  63]  m&j  be  held  to 
apply  to  the  whole  of  them.  392,  see  Aniline,  71].  393,  see  Aniline, 
64].  394,  Hydrochlorate  of  metoluidine  *  C"H*^*4lCl-  395i  ^7" 
drochlorate  of  menaphthalamine  3  C^H^^N^Hd,  Hofmann, 

The  theory,  according  to  which  I  have  formulated  and  named  the 
cyanides,  does  not  require  the  assistance  of  any  hypothetical  secondaiy 
radicals,  such  as  cobalti cyanogen,  chromicyanogen,  platinocyanogen, 
ferrocyanogen,  ferricyanogen,  &c  But  it  requires  the  acceptance  of  the 
theory  of  basylous  and  basylic  atoms,  as  it  is  described  at  pages  32  to 
43.  The  ordinary  theory,  even  with  the  aid  of  numerous  secondary 
radicals,  provides  the  cyanides  with  formulae  which  are  much  more  com- 
plicated than  those  that  are  provided  by  the  radical  theory. 
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The  Sulphocyanidea 

396.  HjCy.S*  ...  Hydn  cyana  snip! 

397.  K,(^,S*  .     .     .  PotosBS  cyami  snl] 

398.  ZH'.Cy.S'     .     .  Ammona  cyana  ei 

399.  Ca,Cr,Si* .     .     .  Cnprons  cyana  so] 

400.  CucCy.S*     .     .  Capric  cyana  8ulp 

401.  Hg,C]r,S*  .  .  MercnroQS  cyana  1 
403.  Pt,Cy,^ .     ,     .  FhtaoB  cyana  sol] 

403.  Kc,Cy,S*      .     .  Bismic  cyana  Bulp 

404.  (?E.\Cj,S'  .  .  Ethyla  cyana  snip 
40;.  CH',Cy,8'    .     .  Mediyla  cyana  bhI 

405.  ZH'Zn.C^.S*      .  Zincam  cyana  sol] 

407.  ZHTt,Cy,S'      .  Platonsam  cyana  1 

408.  Zff.CTH';  Cy;  8*  Pheaylam  cyana  t 

409.  ZH*(CH')',Cy,S'  Fbenylem  cyana  e 

410.  ZH',C?H*;  Cy ;  S*  AUylam  cyana  su] 

41 1 .  Cii,Cuc.Cv*  8*  .  Cuprous  cupric  cy 
41a.  Kj^[,Cy*S*      .  Potawa  aigenta  c] 

413.  H,Pt,C^S*  .     .  Hydra  platons  cy£ 

414.  K,Pt,Cy*,SJ  .     .  Potasaa  platons  cj 

415.  Ag,Pt,Cy',S*     .  Argent*  platoKS  c 

416.  ZH',Cy°,S*    ,     ,  Ammona  cyanine 

417.  ZH*K,Cy',S'      ■  PotasBBni  cyanine 

418.  ZH*Ag,Cy*,S*    .  A rgeo tarn  cyanine 

419.  E^Hg^,Cy',S'  .  Fotasga  merenous 
430.  H,Ph?,Cy',S*  .  Hydra  plateoic  cy 
411.  ZS\Pu^,Cf,S*  Ammona  plateiic 
43a.  E,Ptc?,Cy*,S'    .  Potaasa  plataiic  c 

433.  Ag,Ptc*,Cy',S*  .  Amenta  platenic  1 

434.  Hg,Pb:^,Cy*,S'  .  Mercurous  plat^i 

435.  Fe,Ptc',Cy*,S*  .  Femms  plateoic  ( 
430.  B^,Cj,B*.      .     .  Hydren  cyana  sol 


437.  H.ZH'.Cy.S'      .     Hydta  ai 

438.  H,Cy,S*  ,     .     .     Hydra  cyana  snip 

UsQAL  Names  and  FoRm 

,   |H,Cy,S»       -  Hydra  cyana  sdphi 

59°-  JHS  +  CyS  =  Hydra  adpha  com 

TbJB  is  the  compound  commonly  called  hydro 

wtuch  is  legarded  by  roost  chpmista  as  a  compoi 

bypotheticBl  radical  called  sulpho-cj-anogen  H  + 


THE  fiDLPHOCTAKIDES. 

snce  of  Btilpho-cyanogen  ;  and  I  consider  these  compoonds  to 
lulphides,  containing  sulphide  of  cyanogen  in  combinalioa  witli 
of  another  radical  =  H'S  +  CyS, 

ilpho-cyanide  of  potassium  =  K.NCS*  or  K,Scy,  Mfer. 
}',  Gmelin.  jgS,  Sulpho-cyanide  of  amm<Hiium  =  KH*, 
Tmelin.  399,  Cuprous  sulpho-cyanide  =^  CNCu'.S',  Chaelin. 
c  Bulplio-cyanide  =  CJ^CuS',  Gmelin.     Se«  No,  411.     401, 

Bulpho-cyanide  =  C?NHg'S',  Gmelin.      40a,    ProtoenJpho- 

platinnm  =  PtCyS',  Bu^ctoa.  40J,  Snlpho-cyanide  of  bis- 
!"N'BiS'.  Gmdin.  The  triple  quantities  of  cyanogen  and 
>  to  accommodate  the  triple  (htasylous)  atom  of  bismnth.  Of 
Jie  bosylic  atom  is  accepted,  the  triplication  of  the  fonnula  is 

404,  Sulpho-cyanide  of  ethyl,  or  hydro-sulplio-cvanic  etha 
>•  =  CH'.CNHS"  =  CH'S,CNS,  Gmdin.      405,  Sulpbo- 

methyl  =  CH-S.CNS  =  CH*,CNS',  Gmdin.  406,  Am- 
ho-cyanide  of  zinc  =  NIP.CNZnS*,  Gmdin.      Similar  sails 

by  ammonams  containing  cadniiom,  copper,  &c.  4071  Snl- 
e  of  platoa-ammonimn  =  PtlPNCyS*,  Baddm.  408,  Hvdro- 
nate  of  aniline  =  C"H'N,HCNS»  Hofmann.  409,  Sulpho- 
,  or  anil(v3alpho-oarbamid.>  =  C"H'N,CS,  Hofmann.  Dipbe- 
■carbemide,  or  diazoture  of  diphenyle  and  of  milpho-carbonyle 

=  N'J  (CH')',  Gerhardt. 

liosinamine,  or  sulphuretted  diallyl-nrea  =  CH'N'S 
f  CS 
=  K'JCH'.  Gerhardt. 

\w 

hiproso-cnpric  snlpho-cvanide,  or  Kupfer-rhodanur-rhodanid 
■S*  =  CNCu'S*,CNChS*,  Gmelin.  413,  Sulphi>cyanide  of 
potassium  =  CNKS'.CNAgS",  Gmelin. 
ydro-pktino-bianlpho-cyanic  acid  =  HPta(CyS'),  Bueiton. 
lo-bisulpho-cyanide  of  potassium  =  KPteN"S'  or  KPt  2  (CyS"), 
415,  Platino-bisulpho- cyanide  of  silver  =  AgPt3(CyS'), 
4r6,  Sulpho-mellonic  add  =  CH*N'S' 

IfCy,  G«rhaTdt.    In  other  places  he  writes  tie  for- 
nJh 


?H'N*S*  =  (NCyH»,2CyHS').      417  and  418  are  snlpho- 
or  salts  of  the  "  add,"  No.  416.     If  I  reckon  this  add  as  ■ 
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salt  of  smiDoiiiiim  (the  "acids"  of  organic  dieraist 
iMQtra]  salts  of  ammoDium),  then  the  salts  417  and  41 
add  416,  in  coDtaioiD^  ammoDams  instead  of  normal 
417  it  is  pctassam  ZITK;  in  418  it  is  argentam  Zh 
salts  are  known  which  contain  tlie  radicals  ZH*F 
ZHTa,ZH'Mg,  &c.  419,  Sulpho-cyanide  of  mercur 
=  C?NKS*,3(?NHgS',  Gmdin.  420,  Hjdroplatino' 
add  =  H,Pt3C)-S',  BacAton.  431,  Platino-tersulphoc 
uinm  =  NH'.Pt  jCyS',  £ucWon.  iaa,  Platino-tersulr 
aswam  =  KPtCN'S',  or  KPt jCyS*,  Bucktm.  423, 1 
cjanide  of  silver  =  Ag,Pt3(C^S').  BvckUm.  424,  i 
pbocyanide  of  mercnry  =  Hg'Pt  ^(CyS'),  Bwkttm, 
solphocjanide  of  iron  =  FePt  30^8',  Buchton, 

416,  H*CyS',  or  according  to  the  analytical  formu 
_  (y^.  This  oanpound  seems  to  throw  discredit  upon  1 
ttsmnes  tbe  existence  of  sulphocyanogen ;  for  we  hi 
tination  of  three* sulphide*,  which  view  is  corroborated 
tion  of  the  next  salt  in  the  list,  No.  437,  which  conti 
+  CyS.  The  salt  No.  426  has  given  theoretical  chei 
of  trouble.  Gmelin  calls  it  Hydrothio-snlphoprussic  t 
all  these  fonnula:  CNH»S'  =  CTNH.S'HS  =  CA 
+jCS'.  He  also  quotes  the  following:  CNHS'.HS, 
+  HS,  Berxdias,  in  which  formula  C*>JH  represents  i 
Urm.    C^AdS-S",  Laurent. 

437,  Hydrothio-sulphoprussiate  of  ammonia,  or  hyd 
Mmonium  =  KH'.CNIPS'  =  C"NH(NH*)S',  Gmlii 
note, 

428,  Hydropersulphocvanic  acid,  or  sulphuretted  h 
idd  =  (?NHS*  =  CNHS',S  =  H.CNS'  =  CN'H' 
+  iCS',  Gmelin.  Here  is  another  compound  which,  i 
Cy  to  S,  does  not  agree  with  the  sulphocyanogen  thei 
erer,  is  one  of  those  compounds  with  multiple  atom 
BBCnre  of  which  I  do  not  undeistand. 
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The  Cyanates. 


429.  H,     C7O 

430.  Ag,    CyO 

431.  CH»,  CyO 

432.  C"H»,  CyO 

433.  C*H»,CyO 

434.  C^*,  CyO 

435.  ZH*,  CyO 


Hydra  cyanate. 
Argenta  cyanate. 
Methyla  cyanate. 
Ethyla  cyanate. 
Amyla  cyanate. 
Phenyla  cyanate. 
Ammona  cyanate. 


The  cyanatea  are  salts  that  are  formed  on  the  model  of  water,  M',CyO, 

or  ^    >  O,  where  M*  signifies  one  replaceable  positive  radical,  O  =  16, 

and  Cy  =  (C  =  12  and  N  ss  14),    They  are  consequently  equal  to  simple 
cyanides  plus  one  atom  of  oxygen. 

Usual  Names  and  Fobmuljs. 

429.  Cyanic  add  »  Cy030,  Oerhardi,  or  HO.CWO,  MiUer. 

iOO 
^.   ,  Gtrhardt, 

431.  Methyl-cyanic  ether  »  CTa"0,C"NO,  JHUier. 

Cyanate  of  methyle;  methyl-  ^p^ 

carbonimide;  orazotureof  =  C(CIP)NO  =  ^ipW' 
methyle  and  of  carbonyle  ^ 

B\soO\^,Gerhardt. 

432.  Cyanic  ether  =  C*H»0,(?NO,  Miller. 

Cyanate  of  ethyle;   ethyl-  .^y. 

carbonimide ;  orazotureof  «  C(C*H*)NO  =  N  j  ^jgoi I 
ethyle  and  of  carbonyle  ^ 

also  O  <  ^     ,  Oerhardt, 

433.  Amyl-cyanic  ether  =  C»«H"0,C"NO,  MUkr. 

^^  .Oerhardt. 

434.  Anilocyanic  acid,  Hofmann.    See  Aniline,  95]. 

Cyanate  of  phenyle ;  phenyl-  .  p^ 

carbonimide;  or  azoture  of  =  C(CH')NO  =  N  ]  ^^ttj 
phenyle  and  of  carbonyle  (.  v^  ii 

— Gerhardt, 
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435.  Cyanate  of  ammonia.  A  fiill  iDTestigatJon  of  this  compoanc!  is 
jpven  under  the  head  of  "  The  Urea  Theory.' 

A  variety  of  complex  cyanates  are  described  nnder  "  Aniline,"  Noe. 
89]  to  99]. 

The  Nitrates. 

te  formola  usually  given  to  a  Nitrate  is  MO.NO*,  where  0  =  8. 
ibling  the  atoniic  weight  of  the  oxygen,  these  proportions  ^ve  us 

anaiytiaai^,  UO  +  NOO ;  and  syaopticdb/,  M.NC. 
LB  the  nitrates  have  not  fonaed  the  subject  of  conflicting  diacoaeion 
og  chemists,  in  consequence  of  tJie  scardty  of  their  acid  saltd  and 
ble  salts,  I  shall  trouble  the  reader  with  only  a  few  notes  and  queries 
lectjng  them. 

36.  H,NO*  =  Hydra  nitrite.  Usual  cams,  hydiated  nitric  add  = 
,N0'. 

37.  K,NO*  =  Potossa  nitrite.  Usnal  name,  nitrate  of  potash  = 
,N0'.  The  change  in  the  name  from  nitrate  to  nitrite  is  rather 
icky,  as  there  is,  on  the  ordinary  theory,  another  class  of  salts  called 
ites;  but  the  diange  is  unavoidable  in  carrying  out  a  systematic 


^8.  PbNO".     Plumha  nitrite.     [  =  Keutral  nitrate  of  lead.] 

1  PbNO"  +  PbPbO  I  r„      , .       .^. 
■^^'  1        or  PyNO*        I  *''"""'''®  mtiote. 

I  PbNO*  +  PbHO   i  Tj,      .       .    .       .,_^ 
^      1      or  Pb'H  NO*     I  "'''™™'  "7"™  mtrote. 

I  (PbNO*  +  PbPbO)  +  PbNO"  1  ™     ■  „„ 

^*^  ■  I  OT  =  Pb'N'O'  (  ™'""™>°^  nitreneze. 

rhese  sub-salts  correspond  in  their  construction  witli  the  three  varieties 
phosphates.  They  lukve  not  the  permanency  nor  the  properties  of 
phosphates ;  but  they  resemble  them  in  their  proximate  constitution 

n  thdr  atomic  structure. 


Pho*phalc(.  MitntM. 

Monobasic    .    .       PbPO"  PbNO» 

T  i««.               i    P'^'PO*  Pb*NO* 

Jerdasic  .     .     .jpb^poi  Pb»HN  O* 

Bibasic    .    .     .      Pb'P^y  Pb'N^y 


!  the  Artlde  on  the  Constitution  of  the  Phosphates,  pp.  138-143. 

442.  CIP,NO*      .     .     .     Methyla  nitrite. 

443.  Zff.CH";  NO*.     .     Methylam  nitrite. 

444.  0'H*,NO*     .     .     .     Ethyla  nitrite. 
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445.  Z(CTa*)* ;  N0» .  .  Etlivlom  nitrite. 

446.  C*H»,NO»    .     .  .  Amyla  nitrite. 

447.  Z(C*H")* ;  NO"  .  Amylom  nitrite. 

448.  CH*,NO"     .     .  .  Phenyla  nitrite. 

449.  ZIP,CTI* ;  NO*  .  Phenylam  nitrite. 

The  salts  442  to  449  are  examples  of  nitrates  having  as  basic  radical, 
either  a  compound  radical,  or  a  vioe-ammonium  containing  one  or  more 
atoms  of  a  compound  radical. 

Usual  Names. — ^442,  Methylic  nitrate.  443,  Nitrate  of  methyla- 
mine.  444,  Nitrate  of  ethyle.  44 J,  Nitrate  of  tetrethylammonium. 
446,  Nitrate  of  amyle.  447,  Nitrate  ot  tetramylammonium.  418,  Nitro- 
phenic  acid,  or  nitrophenole.  449,  Nitrate  of  aniline.  As  tnese  salts 
are  cited  here  simply  as  examples  of  nitrates,  I  say  nothing  about  their 
bases,  which  are  explained  in  other  sections. 

450.  ZH»,CIP ;  CyO  +  H  NO"     Phenylam  cyanate  cum  hydra 

nitrite. 

451.  ZH",CTI*;  CyO  4-  AgNO"    Phenylam  cyanate  cum  aigenta 

nitrite. 

Usual  Names. — ^450,  Nitrate  of  carbanilamide.  451,  Nitrate  of 
silveroxide  carbanilamide.  Cited  as  examples  of  nitrates  in  combination 
with  salts  containing  a  different  acid. 

Are  the  following  salts  to  be  considered  as  Double  Ni- 
trates ? 

452.  (7H,N0"+  H,        NO"  Chrysyla  hydra  binitrite. 

453.  (7H,N0"  +  K,        NO"  Chrysyla  potassa  binitrite. 

454.  aH,NO"  +  Pb,       NO"  Chrysala  plumba  binitrite. 

455.  C^,NO"  +  Pb"H,  NO*  Chrysyla  nitrite  cum  plumben  hydra 

nitrote. 

456.  C^.NO"  +  ZH*,     NO"  Chrysyla  ammona  binitrite. 

457.  Ona,NO"  +  ZH",     NO*  Chrysyla  nitrite  cum  amida  nitrete. 

458.  C^,NO"  +  ZH"Ba,NO"  Chrysyla  barytara  binitrite. 

Usual  NAMES.--452,  Chrysammic  acid  =  C"H"(NO*)«0*.  A53, 
Chrysammate  of  potash  =  C"HK(N0*)«0*.  454,  Chiysammate  of  lead 
=  C"HP(NO*)«0*.  455,  Sub-chrysammate  of  lead  =  C"HPb(NO*y(y, 
PbO,HO.  456,  Chrysamidic  acid  =  C»*H*(NO*)»NO*.  457,  Chry- 
samide  =  C»*H»(NO*)"NO".  458,  Chrysamidate  of  barytes  =  C"H*Ba 
(NO*)*NO*.     These  names  and  formulae  are  by  Gerhardt 

The  salt  No.  456  appears  to  be  the  neutral  salt  of  ammonia  oone- 
sponding  to  the  acid,  No.  452,  and  to  the  potash  salt,  No.  453 ;  and 
the  existence  of  the  corresponding  amide.  No.  457,  seems  to  prove  the 
truth  of  this  idea.  But  it  was  found  that  the  salt,  No.  456,  could 
exchange  H^  for  Ba\  and  produce  the  salt  No.  458 ;    and  for  this 
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reason  alone,  the  neutral  salt,  No.  456,  was  called  an  *^  acid."  Thu 
muddle,  as  in  manj  similar  cases,  has  arisen  from  a  misconception  of  the 
character  of  the  radical  (ZH^Ba).  These  metallic  vice-ammoniums  have 
not  hitherto  been  recognised  by  chemists ;  but  I  trust  that  the  evidence 
which  I  shall  bring  together  in  the  articles  on  Indigo  and  Platinum  will 
prove  to  chemists  their  existence  and  importance.  See  also  pages  1 37 
and  193. 

459.  Cff ;  Bi ;  (N0»)«  or  C«H*,NO»  +  BiNO"  Ethyla  bismous 
binitrite. 

Nitrate  of  bismuthethyle  =  C*H*Bi,0»,2N0*,  Gerhardt. 

^     j  ZH,  CTI* ;  NO* )  Phenylac  nitrite  cum  argentic-phenylar 
^^'  \  ZAg,C^* ;  NO"  J      nitrite. 

Binitrodiphenamate  of  silver  =  C?*H"Ag(NO*)«N«0*,  Gerhardt. 

There  are  various  salts  having  the  same  formula  as  460,  with  Ag 
exchanged  for  another  radical. 

Anhydrous  Nitric  Acid. — The  anhydrous  nitric  acid  is  derived  from 
the  decomposition  of  two  atoms  of  the  hydrated  acid,  thus : 

HO,NOO)    _    /HO  NOO j  _  hhO-l  NNO» 


The  Nitrites. 

The  terms  nitrous  acid,  hyponitrous  add,  and  hyponitric  acid  are  used 
by  chemists  with  a  perplexing  vagueness.  There  is  but  one  kind  of 
salt,  though  we  have  three  kinds  of  name  for  it  Nitrites  agree  with 
Nitrates  in  having  the  same  positive  and  negative  radicals,  but  Nitrites 
have  only  two-thirds  of  the  quantity  of  oxygen  which  is  necessary  to 
constitute  Nitrates.  If  Nitrates  have  the  formula  HO,  NO*,  Nitrites  re- 
quire the  formula  HO,NO*.  According  to  the  radical  tlieory,  these  salts 
are  distinguished  thus : — 

Nitrate  of  potash  =  KNO*  =  Potassa  nitrite. 
Nitrite  of  potash   =  KNO'  =  Potassa  nitrete. 

The  following  examples  of  Nitrites  nearly  all  contain  debateable 
"  bases,"  so  that  the  usual  formulae  of  the  salts  differ  entirely  from  those 
^at  are  given  here.  I  refer  the  reader,  in  those  cases  which  are  im* 
portent,  to  the  sections  in  which  the  evidence  respecting  the  nature  of 
the  bases  is  investigated. 

461.  ZH,C?H»;NO*     .     .     Ethylac  nitrete. 

462.  ZZn,C*H*;  N0»    .     .     Zinc-ethylac  nitrete. 


254  THE  XTTTRITES. 

463.  ZZn*((?Wy;  NO*  .  Zincen-ethylem  nitrete. 

464.  ZH,CH»;  NO"     .  .  Methylac  nitrete. 

465.  ZZn,CIP;  NO"     .  .  Zinc-methylac  nitrete. 

466.  ZZn"(CH")*;  NO"  .  Zincen-methylem  nitrete. 

467.  ZH,(7IF;  NO"     .  .  Tolueny lac  nitrete. 

468.  ZH,C**IF;  NO"    .  .  Naphtylac  nitrete. 

469.  ZH,CJTI* ;  NO"     .  .  Phenylac  nitrete. 

^  ^^  j  ZH,CTi* ;  NO"  I  Phenylac  nitrete  com  hydra 

♦"^'t    H  ;CyOf  '         cyanate. 

47 1 .  Z,C"H*,CIP ;  NO"  .     Ethylic-phenylac  nitrete. 

472.  ZH",(7H»;  NO"    .  .     Benzylam  nitrete. 
|ZIP,(7IP ;  N0"\  Benzylam  nitrete  bis  hydra 

(H;Cl)"f      •         chlora. 
_.  JZH",(7H*;N0"(  Benzylam  nitrete  bis  hydra 

47+- 1         (H;SO")"f      •         sulphete. 

Usual  Nambs  and  Formula  : — Nos.  461  to  466.  Examples  of 
Professor  Frankland's  Dinitroethylates  and  Dinitromethylates.  See 
those  sections  in  the  article  on  Conjugated  Acids.  467,  NitrotolcddiDe 
=  C"H"(NO*)N,  Gerhardt.  468,  Nitronaphtylamine  =  C?"IP(NO*)N, 
Gerhardt.  469,  Nitraniline.  See  Anihne,  No.  54].  470,  Carbamide 
— nitrocarbanilide.  See  Aniline,  No.  58].  A  variety  of  double  salts, 
containing  No.  469  as  a  constituent,  are  described  in  the  article 
*'  Aniline,"  between  Nos.  54]  and  61].  It  is  important  to  observe  that 
I  consider  No.  461  =  ZH,C"H*;  NO^  as  the  same  kind  of  salt  with 
No.  469  =  ZH,C'H* ;  NO".  Upon  comparing  this  view  with  the  theories 
of  Frankland  and  Hofmann  respectively,  very  curious  divergencies  in  the 
mode  of  accounting  for  hcts  will  be  seen.    471,  Ethyl-nitraniline 


473-[ 


»"JnO*In.  HoJ 
lc*H»J 


rr  C»«ir"NK)*  «  CTNO*  In.  Ho/mann. 


472,  Biamidobenzoic  acid  =  C"HXNH")"0*,  Voit.  473,  Hydro- 
chlorate  of  biamidobenzoic  acid  =  C"H*(NIP)"0*,2HC1,  Voit.  474, 
Sulphate  of  biamidobenzoic  acid  =  C"H*(NH")«0*,S«IPO",  Voit  hi 
Nos.  472  to  474  *Mt  is  remarkable  that  biamidobenzoic  acid  does  not 
combine  with  bases,  but  forms  well-crystallized  salts  with  acids,  whence 
the  name  of  acid  is  not  very  appropriate  for  it,"  Voit,  See  his  Memoir, 
Quarterly  Journal  Chemical  Society^  iz.  271.  It  seems  to  me,  that  au 
"  acid  "  with  such  properties  might  be  conveniently  classed  with  snl- 
phatc  of  potash,  which,  on  these  grounds,  has  an  €qual  right  to  be  called 
an  '*acid."  The  biamidobenzoic  acid  will  be  referred  to  more  par- 
ticularly in  another  section. 
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The  Oxides  and  Hydratee  of  Nitr* 

The  formds  of  the  oxidee  and  hydrated  oxidea  of  nit 
written  in  accordance  with  the  gappositioa  that  the  a' 
their  dements  are,  N  =  14,  H  =  i,  0  =  8.  In  this  ' 
weights  of  these  dements  are  fixed  at  N  =  14,  H  =  i, 
)»t)portions  necesaarilj  give  entirely  new  formnlie  to  the 
it  seeitu  proper  to  ^re  a  short  general  notice  of  them, 
appidiension. 

Oxides.  Cobsesponduig 

475.  NO  »  Nitrate. 

476.  NO-  =  Hitrete. 

477.  N,NO  »  Nitra  nitrate.      480.  H,NO   =  I 

478.  N.NC  =  Nitra  nitrite.       481.  H.NO*  =  I 

479.  N.KC  =  Nitra  nitrate.      482.  H.NC  =  I 
According  to  the  radical  theory,  all  the  componnds  : 

483  ehonld  be  considered  as  salts. 

USITAL  NiJUES  AMD  FOBJtVLS, 

475,  NO  =  Nitrate. 

Nitric  oxide,  binoxide  of  oitrog^i,  deatoxide  of 
Atomic  weight,  30;  specific  gravity  of  gas,  15  ;  atf 
Neutral  to  test  papeis. 

476,  NO*  =  Nitrete. 

reroxide  of  nitn^en ;  hj^nitric  acid ;  sometini 
=  NO*.  Atomic  weight,  46;  specific  gravity  of  gas,  : 
nuc,  2.     Reddens  litmus. 

477,  N,NO  =  Nitra  nitrate. 

Nitrons  oxide ;  prohudde  c^  nitrogen ;  langhfaig  gas 
weight,  44 ;  specific  gravity  of  gas,  33 ;  atomic  measoi 
test  papers. 

478,  N,NO'  =  Nitra  nitrite. 

Nitrons  acid;  sometimes  hyponitroos  acid;  meanin 
anhydrous  acid  =  NO".  Atomic  we^t,  76 ;  spec 
atomic  measure  of  the  gas  not  yet  determined. 

479,  N.NO"  =  Nitra  nitrate. 

Anhydrous  nitric  acid  =  NO".  Atomic  weight,  108 
and  atomic  measure  unknown. 

480,  H,NO  =  Hydra  nitrate. 
Unknown ;  unrecognised ;  unnamed. 

481,  H,NO'  =  Hydra  nitrete. 


256  AZOTIC  RADIOAI^  IN  SERIES. 

Hydrated  nitrous  acid  =  HOjNO".  Atomic  weight,  47.  This  is  the 
acid  which  corresponds  to  the  nitrites,  Kos.  461  to  474  in  this  series. 

482,  H,NO"  =  Hydra  nitrite. 

Hydrated  nitric  acid  =  HO,NO*.  Atomic  weight,  63.  This  is  the 
acid  akeady  referred  to  at  No.  436  in  this  series. 

I  have  included  among  the  hydrates  a  compound  (No.  480)  that  is 
not  'recognised  by  chemists,  but  which  will,  in  all  probability,  be  dis- 
covered when  it  is  looked  for.  It  is  the  compound  which  corresponds 
in  the  nitrogen  series  with  the  salt  HSO  (  =  hydra  sulphate  or  penta- 
thionic  acid)  in  the  sulphur  series.  The  corresponding  anhydrous  com- 
pound is  known  m  the  nitrogen,  though  not  known  in  an  isolated  state 
in  the  sulphur  series.  There  seems  to  be  no  reason  why  the  hydrated 
form  of  the  acid  should  not  exist  in  the  nitrogen  as  well  as  the  sulphur 
seqes.  The  following  equation  represents  a  transformation  that  is,  a 
prioriy  by  no  means  improbable : 

No.  477  =   N,NO)         jHNOl    _   Two  atoms  of 
Water      =   H,HOJ   "^    iHNOf   ^       No.  480. 

I  am  not  pleading  that  this  compound  HNO  really  exists.  I  am  only 
showing  that  the  radical  theory  indicates  its  possible  existence,  which  is 
a  sufficient  reason  to  induce  us  to  look  for  it,  especially  as  it  is  required 
to  complete  a  sei'ies* 

Azotic  Eadicals  in  Series. 

The  next  three  sections  contain  tlie  "  bases "  that  are  usually  called 
Indigo,  Aniline,  and  Platinum.  In  these  sections  I  shall  show  a  com- 
plete series  of  the  salts  of  these  "  bases,"  which  are  unquestionably  three 
of  the  great  "  difficulties  "  in  theoretical  chemistry.  I  have  chosen  them 
as  examples  because  they  are  difficult ;  because  I  wish  to  show  that  the 
Theory  and  the  Nomenclature  which  I  am  advocating,  do  not  give  way 
under  the  pressure  of  difficulties ;  and  finally,  because  my  conclusions 
respecting  these  bases  are  so  different  from  those  of  chemists  in  general, 
that  the  results  of  the  investigation  may  be  taken  as  a  fair  example  of 
what  may  be  expected  from  the  application  of  the  proposed  radical 
theory  to  chemistry  in  general.  I  have,  in  regard  to  these  bases,  quoted 
the  arguments  fully  and  discussed  them  freely ;  so  that  the  reader  will 
find  the  cases  stated  ready  for  his  judgment.  He  will  have  to  answer 
such  questions  as  these : — Are  the  Theory  and  Nomenclature  that  are 
proposed  for  the  salts  of  Indigo  better  or  worse  than  those  of  Berzelius  ? 
Are  those  proposed  for  the  salts  of  Aniline  better  or  worse  than  those 
of  Hofmann?  Are  those  proposed  for  the  Platinum  bases  better  or 
worse  than  those  of  Gros,  and  Reiset,  and  Raewsky,  and  Gerhardt  ? 

Of  course,  the  consideration  of  the  replies  proper  to  be  made  to  these 


TNDIOO.  257 

questions,  involves  the  consideration  of  the  merit  of  the  leading  doctrines 
of  the  radical  theory  and  of  the  chemical  nomenclature,  which,  though 
forming  no  part  of  the  radical  theory,  I  have  grafted  upon  it. 

A  peculiarity  to  which  I  must  direct  the  reader's  attention  in  refer- 
ence to  these  three  bases,  is,  that  the  salts  of  indigo,  aniline,  and  pla- 
tinum, though  all  salts  of  vice-ammons  or  vice-amids,  differ  in  structure 
from  one  another  essentially.  The  general  character  of  the  indigo  lalts 
agrees  in  no  respects  with  that  of  t£e  salts  of  aniline  or  platinum,  and 
the  salts  of  aniline  are  throughout  quite  unlike  the  salts  of  platinum.  So 
also  the  theories  which  chemists  have  employed  to  explain  these  salts 
are  extremely  different  from  one  another,  and  the  various  nomenclatures 
that  have  been  proposed  have  scarcely  any  points  in  common. 

But  the  radicd  theory  and  its  nomenclature  apply  with  equal  facility 
to  the  whole  of  these  complicated  and  diversified  salts.  The  compre- 
hensiveness of  the  theory,  and  the  flexibility  of  the  nomenclature,  satisfy 
every  demand ;  and  these  are  prime  requisites  in  a  theory  and  nomen- 
clature that  pretend  to  fulfil  the  requirements  of  a  science  which  is  so 
eminently  expansive  and  progressive  as  the  science  of  chemistry. 


Indigo. 

The  principal  compound  of  the  Indigo  series  is  Indigo  blue,  which  is 
represented  by  the  empirical  formula  CfH*NO,  where  C  =  1 2,  H  =  i , 
N  =  14,  O  ==  16.  Gerhardt  considered  this  oxidised  compound  to  be 
the  radical  of  the  indigo  series,  and  he  called  it  Indyle,  Berzelius 
thought  it  expedient  to  distinguish  the  compounds  of  indigo  by  a  variety 
of  radicals,  and  he  accordingly  adopted  the  following  :— 


C"H»N  =  Flavinden 
C"H^N  =  Porrinden 
C^'H'N  =  Inden. 
C"H«N  =  Isaten. 


C"H'»N»  =  Polinden. 
C«H»N«  =  Rosinden. 
C«H»N"  =  Xanthinden. 
[In  these  formula  C  =  6.]  * 


For  these  radicals  he  provided  formulae  in  which  the  symbols  were 
written  in  Greek. 

It  is  proposed,  on  the  present  occasion,  to  adopt,  as  the  radical  of  the 
Indigo  series,  a  Hydrocarbon  agreeing  in  composition  with  the  formula 
CH*,  and  to  call  it  Indyl.  *  This  radical  is  subject  to  have  part,  or  the 
whole,  of  its  hydrogen  replaced  by  chlorine,  bromine,  and  sulphur ;  and, 
in  this  manner,  to  produce  the  following  Vice-Radicals : — 


^  In  all  quotations  of  ordinary  formulee,  it  is  to  be  understood  that 
C  =  6,  O  =  8,  H  =  I,  N  =  14. 

s 


Wl 


258 


IKDIOO. 


Vice-Indyls.  ! 


rcTiPci 

s= 

Chloric-indyL 

C«H«Br 

s= 

Bromio-indyl. 

CH*S 

s 

Sulphic-indyl. 

c»Ha« 

= 

Chlorenio-indyl. 

CHBr« 

=s 

BromeDlo-indyl. 

CHCIS 

s 

Ohloric-solphindyL 

c»a«s 

=5 

Chlorenic-sulphindyL 

^C^i*S 

=s 

BromeDic-sulphindyL 

The  Vice-Radicals  that  contain  chlorine  and  bromine  without  sulphur, 
act  like  normal  IndyL  They  have  the  same  satmating  capacity,  and 
their  salts  have  the  same  proportion  of  oxygen.  The  sulphic  Tioe- 
radicals,  as  usual,  take  additional  oxygen,  and  form  double  salts. 

The  indigo  series  presents  no  other  peculiar  radical  than  indyL  They 
all  contain  either  amidogens  or  ammoniums,  and  in  all  of  them  the  radical 
indyl  is  found,  sometimes  as  the  negative  radical,  and  sometimes  as  a 
component  of  the  vioe-amid  or  vice-ammon,  which  forms  the  positive 
radicaL  The  indigo  salts  are  quite  regular  in  all  other  respects ;  so  that 
Berzelius's  army  of  Greek  radicals  may  be  dismissed  as  needless  super- 
numeraries. 


Section  i. — Salts  in  which  Indyl  is  the  NsaATiYE  Radical. 

i].  ZIP;  CIPO  =  Amida  indylate. 
,  It  is  assumed  that  Indiqo  Blue — or  Indigotine — ^is  a  salt  which  con- 
tains the  radical  indyl,  acting  as  an  acid  radi^,  in  combination  with  one 
atom  of  oxygen,  and  with  normal  amidogen  acting  as  a  basic  radical ; 
which  combination  requires  the  following  formula  and  name : 

ZIP;  (?BPO  =  Amida  indylate. 

It  is  no  part  of  the  business  of  this  Essay  to  describe  either  the  pro- 
perties or  preparation  of  the  substances  to  which  allusion  is  made.  I 
may  refer  those  who  wish  for  detailed  Information  respecting  the  Indigo 
Salts,  to  the  following  works,  in  which  are  described  all  the  compounds 
that  I  shall  refer  to  in  this  article.  Gmelin,  Handbuch  der  Chemie^ 
Band  vi.  Liebig's  Handvodrterbuch  der  Chemie,  Band  iv.,  several  articles 
written  by  Strbcker,  from  which  I  quote  Berzelius's  names.  Ger- 
HARDT,  Traite  de  Chimie  Organique,  tome  iii.  Shorter  notices  will  be 
found  in  the  Treatises  on  Organic  Chemistry  by  Professors  Gr^iy  and 
Miller. 


-,  jZH*;  C'IPOl    __   Ammona  indylate  cum 
^J-|ZIP;(7H»0[   "        indylate. 


amida 


By  certain  chemical  processes,  indigo  blue  can  be  converted  into  a 
substance  which  is  called  Indigogen,  or  White  Indigo.  The  process 
which  effects  this  change  is  called  "  reduction,"  and  the  resulting  com- 


pound  is  also  called  Reduced  Indigo.  The  act  of  n 
adding  one  atom  of  hydrogen  to  one  ataat  of  bine 

ZH*,C1P0  into  ZIP.CIPO. 

This  new  fbrmiila  is  not  in  accordance  with  the  amido; 
tbeories.  H*  forms  neither  on  amidogen  nor  an  am 
therefore  immediately  evident  how  the  additional  at 
connected  with  the  indigo  blue,  and  chemists  have  g 
explanations  of  this  difficulty.  Berzelius  even  resort 
of  adopting  a  spedal  radical,  Isaten  =  CTH'N  to  exp 
to  him,  indigo  white  should  be  called  Isaten  ozydu). 
Nevertheless,  what  it  is  difficult  to  understand  ol 
idatitm  to  one  atom  of  the  compound,  becomes  easy 
taking  place  with  tioo  atoms ;  for,  if  two  atoms  of  ii 
two  atoms  of  hydrogen,  and  pnaduce  a  compound  tl 
flawing  foimnla,  we  perceive  that  the  difficulty  ia 
are  Wking  upon  a.  change  that  ia  analogous  to  mt 
other  compounds  of  the  azotic  series : — 

,    ,.        ..^  IZH'.CiPO)  Ammonaindyli 

Indigo  white  =  jzff.CIPol      indylate. 

According  to  this  view  of  the  transformation,  indj| 
indylate  with  an  amidogen  base,  and  indigo  white  is 
widi  one  amidogen  base  and  one  ammoniom  base. 
etntape  relations  are  in  question,  those  formula  agret 
analytical  results;  but  in  respect  to  the  assumed  proi 
of  uese  salts,  the  only  evidence  that  can  be  ofTeret 
accoracy  is,  that  the  relations  of  the  salts  to  all  other 
series  are  such  as  would  exist  if  the  constitutions  tba 
tme,  could  be  proved  to  be  true.  The  great  assompti 
to  indigo  white  is,  that  it  contains  a  salt  of  Ammoni 
a  salt  of  Amidogen.  Hitherto,  such  combinations 
mitted,  because  they  have  been  overlooked  and  miaoi 
numerous  examples  of  their  exist^ce  which  I  have 
most  remove  all  reasonable  doubts  respecting  the 
existence. 

j].  One  of  the  agents  employed  to  reduce  indigo  1 
is  grape  sugar,  and  the  process  of  reduction  may 
foDows : — 

Emploted  : 


Indigo  bine.        Grape      Water, 
a  atoms.  sugar. 


IZIP.CTII 
tZH'.eiPl 

Indigo  whil 


w-syy. 
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A  more  elaborate  and  intricate  explanation  of  this  process,  fotmded  on 
the  cun*ent  theory  of  chemistry,  is  given  in  Professor  Gregory's  Hand- 
book of  Organic  Chermstry^  page  365. 

Indigo  white  is  subject  to  reconversion  into  indigo  blue  by  a  process 
which  is  usually  called  "  oxidation ;"  that  is  to  say,  when  it  is  exposed  to 
atmospheric  air,  O*  of  the  air  takes  H*  from  the  indigo  to  form  water; 
the  ammonium  ZH^  is  thus  '^  oxidised ''  into  the  amidogen  ZH',  and  the 
indigo  white  again  becomes  indigo  blue. 

If  the  theory,  according  to  which  I  am  endeavouring  to  explain  the 
constitution  of  the  indigo  salts,  is  true,  it  shows,  among  other  ^ngs, 
that  the  processes  which  are  commonly  called  oocidation  and  reduction, 
are  either  incorrectly  imderstood  by  chemists,  or  are  described  in  veiy 
awkward  phraseology.  Let  us  consider  the  present  case  in  detail  We 
convert  two  atoms  of  indigo  blue  into  one  atom  of  indigo  white,  by  the 
addition  of  two  atoms  of  hydrogen,  and  we  call  this  process  "  reductJon." 
What  is  reduced  ?  Surely  not  the  indigo.  We  reverse  the  operation. 
We  convert  one  atom  of  indigo  white  into  two  atoms  of  indigo  blue,  by 
taking  away  tvoo  atoms  of  hydrogen,  and  this  process  we  call  "  oxidation." 
What  is  oxidised  ?  Certainly  not  the  indigo.  The  ways  and  means  by 
which  the  results  are  brought  about  are,  theoretically,  of  no  moment 
The  facts  are,  that  hydrogen  is  either  added  or  removed.  The  words 
intimate  that  oxygen  is  added  or  removed.  Many  of  the  misty 
hypotheses  that  have  been  published  respecting  the  metamorphoses  of 
the  various  salts  of  indigo  have  no  doubt  had  their  origin  in  the 
ambiguity  that  has  been  occasioned  by  the  abuse  of  the  words  oxidation 
and  reduction. 

4].  ZH*;  C«IPO»  =  Amida  indylete. 

Indigo  blue,  when  submitted  to  the  action  of  certain  agents  which 
impart  oxygen,  such  as  nitric  acid  and  chromic  acid,  takes  up  another 
atom  of  oxygen,  and  produces  the  compound  wliich  is  usually  called 
IsATiNE,  and  which  possesses  the  following  constitution : 

ZIP ;  e»IPO*  =  Amida  indylete. 

This  compound  differs  from  indigo  blue  by  containing  an  additional  atom 
of  oxygen.  Berzelius  called  it  Indcnoxyd.  Gmelin's  formula  is 
C'«]S[H*0«,0«-     Laurent's  formula  C"H*J^O\ 


i 


ZHK   ;  CHPO*  =  Potassac  indylete. 
ZHAg ;  C»H«0«  =  Argentac  indylete. 

When  Amida  indylete — Isatine — is  acted  on  by  a  cold  solution  of 
caustic  potash,  it  exchanges  an  atom  of  hydrogen  for  an  atom  of  potas- 
sium, by  which  exchange  its  positive  radical  amida  is  converted  into 
potassac. 

ZIP;  C»IPO«  +  KHO  =  ZHK;  (m»0»  +  HHO. 


IMDIQO. 

A  similar  salt,  6],  can  be  prepared  with  silver,  and  indeed  t 
ZHAP;  CIPO*  is  that  of  a  series  of  salts  which  contain  amid 
These  salts  are  called  by  different  chemists,  Isatites,  Isatides, 
aides.     Their  usual  formula  is  CNn'MO*. 

(ZHTC  ;  CIW  =  Potaasam  indylite. 
73.  JzffAg;  CH-O-  =  Argentam  indylite. 

(ziPBe  ;  CH'O"  =  Barj-tem  indylih-. 
8].   ZH*       ;  CH^J*  =  Ammona  indylite. 

When  Amida  indylete — Isatine,  No.  4] — is  acted  on  by 
ticm  of  caustic  potash,  the  power  of  the  azotic  radical  is  en 
amida  becomes  potassam,  and  the  salt  assumes  another 
oxygen.     Thos : 

ZH" ;  CffO*  +  KHO  =  ZH-K ;  OTTO". 

By  proper  operations,  the  experimental  details  of  which  do 
to  this  investigation,  the  potassium  in  this  salt  can  be  n 
barium,  silver,  or  hydrogen ;  giving  (aigiii  to  salbt  that  agrc 
fimntilffi  marked  7]  and  8]. 

It  is  important  to  notice  the  difierence  of  the  efiects  that  an 
by  treating  isatine  with  a  hot  and  with  a  cold  solution  of  cboe 
The  relations  of  amidogena  to  ammoniums  are  often  essential! 
by  circumstances  that  chemists  overlook  as  insignificant 

By  one  of  those  misnomers  that  are  so  frequent  in  organic 
the  normal  salt  of  tliis  series,  represented  bv  No.  8],  is  <»lled ) 
Gregory  calla  it  Isatinic  acid  ;  and  Millers  name  for  it  is  Ie 
The  dcaiominatioii  "  add  "  ia  founded  on  the  assumption,  tha 
of  azote,  and  three  out  of  the  fom'  ateims  of  hydrogen  whii 
ascribed  to  the  basic  radical  of  the  salt,  all  belong  to  the  acid  i 
Camse,  there  is  no  evidence  to  support  that  notion.  Accorc 
theory  now  under  consideration,  the  Isatinic  or  Isatic  acid  con 
with  the  salts  7]  and  8j,  would  be  constituted  as  follows,  I 
bat  no  sncb  compound  is  known.  The  other  salts  dted  abov 
mosly  called  Isatate  of  potash,  Isatate  of  silver,  and  Isatate  1 
The  formula  usually  ascrilsed  to  the  imaginary  isatic  acid  is 
or  HO,C^'NO* . 

Formula  8]  and  formula  4]  show,  that  hydrated  isatjc  ( 
neatnd  salt  of  ammonia  of  which  isatine  is  the  amide.  That  is 
the  true  relation  of  these  two  salts.  It  will  be  seen  that  a  f 
of  the  salts  of  the  Indigo  series  differ  from  one  another  to  th' 
the  di^ience  in  the  quantity  of  hydrogen  that  is  required  to 
amid  ZH*  into  an  ammon  ZH*;  all  other  constituents  of  thi 
cept  oxygen,  remaining  the  same.  Of  course,  this  peculiari^ 
fined  to  the  indigo  series,  but  is  a  general  property  of  the  azot 
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9].{ 


ZH* ;  CTP0*1    _   Ammona  indylete  cum  amida 
ZH«;O»H»0«f   "       indylete. 


When  **  reducing"  agents  are  made  to  act  upon  isatine  =  ZH*;  (THW, 
the  result  is  exactly  similar  to  tliat  produced  when  they  act  upon  blue 
indigo ;  namely)  two  atoms  of  isatine  take  up  two  atoms  of  hydrogen, 
and  produce  a  compound  which  has  the  composition  represented  by  for- 
mula 9].  This  compound  differs  from  white  indigo  by  containing  two 
additional  atoms  of  oxygen,  just  as  isatine  differs  from  blue  indigo  by 
containing  one  additional  atom  of  oxygen.  The  name  that  is  usually 
given  to  it  is  Isathtoe.  Berzelius  called  it  Isatenoxyd.  Its  ordinaiy 
formula  is  C'«H«NO*. 

n   JZH* ;  CIPO*!    _   Ammona  indylete  cum  amida 
^°>  \ZIP;  Cmny  f   -       indylate. 

The  salt  9]  rests  upon  the  experiments  of  Laurent  Erdmann  consders 
the  salt  to  haye  the  composition  that  is  indicated  by  the  common 
formula  CH'NO*,  which  is  equivalent  to  formula  No.  10].  A  com- 
pound of  this  per  ccntage  composition  has  been  described  under  the  name 
of  Isatan,  which  Berzelius  rendered  Isaten  sesquioxydul. 


1  proceed  to  quote  a  few  examples  of  the  salts  of  indigo  that  contain 
the  chloric  and  bromic  vice-radicals. 

11].  ZH"     ;CWC10«  =   Anouda  chloric-indylete. 
12].  ZHAg ;  CIPCIO*  «   Argentac  chloric-indylete. 

The  salt  No.  11]  differs  from  the  salt  No.  4]  only  by  containing  chl<»ic 
indyl  =  Cra»Cl,  instead  of  normal  mdyl  =  CIP.  The  salt  No.  1 2] 
differs  from  the  salt  No.  6]  only  by  the  same  substitution. 

The  ordinary  names  for  the  salt  No.  11]  are  chlorisatine  and  chlo- 
risatinase,  and  the  formula  is  C'*H^C1N0*.  Berzelius's  formula  is 
C'^^N0",C10,  and  his  name  is  Basisches  unterchlorigsaures  poirindoi- 
sesquioxydul ! 

13].  ZIP;  CIPBrO"  =  Amida  bromic-indylete. 

The  common  names  are  bromisatine  and  bromisatinase  =:  CNBrHX)*. 

14].  ZIP;  CHCI"0*  =  Amida  chlorenic-indylete. 

Common  name:  Bichlorisatine  =  C'*NG1P0*,  Berzelius's  formula 
(translated  from  the  Greek)  is  C'«H»N0»,2C10.  His  name  is  Unt»- 
chlorigsaures  flavindenoxydul. 

A  comparison  of  the  formulas  No.  11]  and  No.  14]  with  Beizelius's 
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names  and  formulae  for  the  same  compounds,  will  show  how  far  that 
great  chemist  was  led  astraj  by  his  misconception  of  the  nature  of  the 
compounds  which  I  have  called  Vige-Badicals. 

15I  ZH*  ;eBBr«0'  ^  Amida  bromenic-indylete. 
i6j.  ZHK;  C*HBr«0«  =s  Potassac  bromenic-indylete. 

Common  names :  No.  1 5]  is  Bibromisatine,  bromisatinese  =  C*'NBi*H'0*, 
Laurent.  No.  16]  is  caUed  Bibromisatite  of  potash  «  C"BPKBi*NO*, 
Gerhardt, 

(7H«C10»  =  Potassam  chloric-indylite. 

C»H«C10»  =  Barytam  chloric-indylite. 

CJH'CIO'  =  Argentam  chloric-indyhte. 

C'H^aO'  =  Plumbam  chlorio-indylite. 

O'H'CIO'  =  Ammona  chloric-indylite. 


ZH»K 
ZIPBa 
ZH'Ag 
ZH'Pb 
18].    ZH* 


17]. 


The  salts  represented  by  formolse  17]  and  18]  are  commonly  called 
CThlorisatates  and  Chlorisatinates,  and  the  usual  formula  is  C'NCIH'MO'. 
No.  18]  is  the  Chlorisatic  "Acid,"  in  agreement  with  the  formula 
H0,C*^^NC10*.  Berzelius's  name  for  it  is  Indenoxydul  chlorige  Saure. 
This  "add"  cannot  be  separated  fiom  solution,  and  is,  in  fact,  un- 
known. 

The  series  17]  and  18]  agree  precisely  with  the  series  7]  and  8], 
except  in  containing  chloric-indyl  instead  of  normal  indyl. 


19].: 


20], 


'ZIPK 
ZIPBa 
ZH»Cuc 
ZH'Pb 

iZH'Ag 
ZH* 


C^Cl'O*  =  Potassam  chlorenio-indyHte. 
CTHCl'O*  =  Barytam  chlorenic-indyhte. 
CTJCIK)*  =  Cupricam  chlorenic-indylite. 
C^C1«0«  =  Plumbam  chlorenic-indyhte. 
(7HC1*0*  =  Argentam  chlorenic-indyhte. 
CHGlKy  s=  Ammona  chlorenic-indylite. 


The  salts  represented  by  the  formulsB  No.  19]  are  commonly  called 
Bichlorisatinates.  No.  20]  is  the  Bichlorisatinic  "  Add,"  answering  to 
the  formula  HO,C»«H*CPNO»  or  C»*NC1«HK)».  Berzehus's  name  for 
this  add  is  Porrinden-chloric  add  =  (?«H*N,C1  +  00*+ HO. 

The  relation  of  these  salts  to  those  represented  by  formulae  7],  8], 
and  17],  18],  is  so  evident,  that  it  is  needless  to  ojQfer  any  discussion. 

21].  ZH*;  CTPBrO*  =  Ammona  bromic-indylite. 

Common  name:  Bromisatic  acid  =  C'NBrH'O'.    Compare  it  with  18]. 

22].  ZIPK;  C»HBr"0'  =  Potassam  bromenic-indyhte. 
23}*  ZH*    ;  C'HBr'O"  =  Ammona  bromenio-indyUte. 

Commonly  called  Bibromisatinates.      No.  23   is  the  Bibromisatinic 
"  Add"  =  HO,e«H*Br«NO*.  Compare  22]  with  19],  and  23]  with  20]. 
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The  relations  existing  between  the  following  pairs  of  salts  are  so 
evident,  that  it  seems  to  be  scarcely  necessary  to  point  them  out : 


Normal  Salts  of  Ammoniums. 


No.  18 

21 
20 

22 


ZH*  ;  c»H«a  0» 
ZH'Ag ;  CffCl  0» 
ZH*  ;  CH'Br  0» 
ZH*  ;  C»H  Cl«  0» 
ZH*  ;  CH  Bi*0» 
ZHTC  ;  CH  Br'O' 


[No.  II 
12 


CorrespoDding  Amides. 


ZH«  ;C?BPC10» 
ZH  Ag ;  (?IPa  OF 
ZH*  ;C»H«BrO» 
ZIP  ;OHC1«0* 
ZIP  ;CTIBiW 
ZHK   ;CTIBrW. 


jZH*;  CTPCIO*)  Ammona  chloric-indylete  cmn  amida 


^4>  \ZIP;C»IPC10*f      chloric-indylete. 


The  ordinary  names  of  this  salt  are  as  follow:  Chlorisathyde  = 
CrH»«Cl*N«0*,  Gerhardt  Chlorisathydase,  Laurent.  Basisches  nnter- 
chlorigsam-es  indensesquioxydul  =  C"H*NO*  +  QO,  Berzelius. 


2 


-I   jZH*;  CHCIM)*)  Ammona  chlorenic-indylete  com  amida 
5>  |ZH«;  C»HClK)«f     chlorenic-indylete. 

Common  names :  Chlorisathydese,  Laurent.  Bichlorisathyde  = 
C"IPC1*N«0».  Unterchlorigsaures  porrindenoxydul  =  e«H*NO",2aO, 
Berzelms. 

Compare  the  salts  No.  24]  and  25]  with  normal  isathyde,  No.  9]. 
It  is  evident  that  the  three  salts  dififer  in  no  other  respect  than  that,  in 
two  of  them,  a  portion  of  the  hydrogen  of  the  radical  indyl  is  replaced 
by  chlorine.  Yet  Berzelios  thought  it  proper  to  assume  that  these  salts 
contained  three  totally-different  radicals — isaten,  inden,  and  poirinden; 
and  that  these  radicals  were  present  in  remarkable  conditions  of  com- 
bination. Thus,  q]  was  the  '*  peroxide  of  isaten ;"  24]  was  the  "  basic 
hypochlorite  of  the  sesquioxide  of  inden;"  and  25]  was  the  "hypo- 
chlorite of  the  protoxide  of  poninden."  Here  we  see  how  things  which 
are  naturally  simj^e  and  regular  can  be  distorted  and  made  p^plenng 
by  the  vices  of  an  erroneous  hypothesis.  Berzelius  would  not  admit 
that  chlorine  could  replace  hydrq^  in  radicals,  and  he  was  driven  to 
advance  a  host  of  assumptions,  each  of  which  was  a  thousand  times 
more  incredible  than  the  single  assumption  which  he  repudiated. 

Section  2. — Salts  in  which  Indylac  is  the  Negative  Radical. 

I  mean  by  Indtlao,  a  vice-amid  which  contains  one  atom  of  Indyl 
=  ZH,C»H». 

26].     ZIP;  ZH,C"IPO  =   Amida  indylacate. 

27].     ZH«;ZH,OTPC10       =   Amida  chloric-indylacate. 


.     fZff;  ZH,CH»0 
2»J-  jzH*;        C«IPO« 


(Amida  indylacate  cum  amida  indy- 
^       lete. 


")l 

IZH' 
izH- 

ZH.CWCIO 
(TH-CIO- 

Amida    chit 
-       amida  cU( 

)0]. 

IZH- 
izH- 

ZH,(7HBrt) 
CHBr^y 

AmIda  brom 
~       amida  bro 

3.]- 

IZH" 
ZH- 
ZH- 

ZH,CTTO     1 
CBKf 
CTPC 

Amida    ind' 
indylete.  ' 

J'l 

rZH" 
JzH" 
(ZH* 

ZH.CTPO     1 
ZH,CWO 
CH'O' 

Bis  amida  in 
■       indvlete. 

33]- 

ZH" 
ZH« 
ZH' 
ZH' 

ZH.CHBr'O 

ZH.CHBi'O 

ZH,CHBrK) 

eHBr'O" 

_  Tris  amida 
ram  amid! 

34]- 
35]- 

IZH' 
ZH* 
iZH' 
(ZH* 

ZH,(7H'0     1 
ZH.CH'O'    f 
ZH,CTi'aO  1 
ZH,(?H'C10'f 

Amida  indy! 

~        indylaMeb 

Amida  chloi 

3q- 

IZH" 
(ZH' 

ZH.CHCl'O  1 
ZH.CHQ'O'f 

Amida  cLlor 
ammona  c 

37]- 
,8], 

IZH* 
\ZW 
IZH* 
izH- 

za,cwiy  1 

CTPO*    f 
ZH.CTl'ClO'l 

Ammona  in( 
^       indylete. 

Ammona  chJ 
~       amida  clilt 

39]- 

IZH* 
izH' 

ZH.<7H  Cl-O-l 

CHa-o-f 

_  Ammona  d 
cum  amid 

,0]. 

IZH'Bi 
izH- 

ZH.CTTO-    1 
HCTTO'    f 

Barj-bun  ind 
indylete. 

4.]- 

IZH-Ag 
izH- 

ZH.CTiCI-O'l 

enci'o'f 

_    Argentam    i 
~        cum  amid 

40- 
43]- 
44]- 
45]- 

ZH* 

ZHKSic" 
ZH-Ag 
ZffAg 

ZH.CTTO- 
ZH.CTTO" 
ZHiCH-C 

zH.OTrao' 

.   Ammona  iud 
=    Cupticcem  in 
=   Aigentam  in 
=   Airgeulam  di 

I  have  placed  the  above  fonnute  together,  in  ord 
lioDflhip  of  the  multiple  salts  of  indigo,  and  to  d: 
slight,  but  perfectly  definite,  differences  by  which  t 
characterised. 

All  the  fonnnls  from  26]  to  45],  cont^  an  asstm 
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in  none  of  the  formuke  from  i]  to  25].  This  consists  in  the  employ- 
ment of  a  vioe-amidogen,  Indylac  =  ZUC^IP,  as  an  acid  radical.  I 
shall  be  asked,  how  I  justify  so  novel  and  irregolar  a  proceeding  ?  I  reply, 
by  the  success  with  which  it  is  followed.  No  assumption  hitherto  made 
by  chemists  has  availed  to  raise  the  formulae  of  the  indigo  salts  out  of 
the  mists  of  empiricism.  With  this  assumption,  their  oomposition  is 
made  intelligible  and  regular.  The  end  justifies  the  means,  beouise  order 
is  better  thim  muddle. 

Notices  of  the  Individital  Salts. 

No.  251  ZIP;  ZH,C?TBPO   =  Amida  indylacate. 
Compare  with  No.  4].  ZH*;         C^H"0*  =  Amida  indylete  (Zwiuw). 

When  isatine  is  treated  with  ammonia  ZH'A  the  compound  No.  26]  is 
produced,  one  atom  of  water  H,HO  being  given  off. 

ZIP;  C»IPO»  +  ZIPH  =  ZIP;  ZH,C"H^  +  H,HO. 

In  this  operation,  the  residue  of  the  ammonia  ZH,  combines  with  the 

indyl  C*IP  to  form  the  vice-amidogen  Indylac.    The  resulting  salt  25] 

ZIP       ) 
if  formulated  *'  on  the  model  of  water  "  would  look  thus :  71T  nsnaf^* 

If  we  contrast  the  radicals  ZH"  with  ZH,0"H*,  and  ask  which  is  the 
more  acid  of  the  two,  taking  for  our  guidance  the  properties  of  radicals 
which  have  been  described  at  page  73  of  this  work,  we  come  to  the  cod- 
dusion  that  ZH,C"IP  is  more  acid  than  ZIP,  and  consequently  that  the 
proper  formula  for  the  compound  which  contains  both  is  that  given  in 
25]  =  ZIP;  ZH,(7H»0. 

The  ordinary  names  of  this  compound  are  as  follow :  Imeaatine 
=  C^*H«N«0«,  G^hardi.  Porrindenoxydulamid  =  C»*H*NO«NIP,  Ber- 
zeUus. 

27].  ZIP;  ZH,CWaO  =  Amida  chloric-indylacate. 

This  salt  differs  from  No.  25]  only  in  contuning  chlorio-indyl  =  (TIPCl 
instead  of  indyl  =  C^IP.  It  is  prepared  by  acting  upon  chlorisatiiie 
instead  of  normal  isatine.  This  remaric  applies  to  the  salts  of  the  vice- 
indyls  generally.  Whatever  compound  ^t  you  can  make  with  iodyli 
you  can  also  make  with  chloric-,  chlorenic-,  bromio-,  or  brcMnenic-indyl 
I  cannot  go  into  experimental  details,  and  it  is  needless  to  repeat  this 
general  remark  at  the  mention  of  every  formula. 

The  ordinary  names  for  No.  27]  are  chlorimesatine  =  C'*II*C11W, 
Gerhardt,     Imechlorisatinase,  Laurent, 

P-,    (ZIP;  ZH,C"IPO  \         Amida  indylacate  cum 
^^J-JZIP;        (7HK)«f    ^       amida  indylete. 

A  compound  of  the  two  salts,  26]  and  4],  atom  to  atom. 


UstuJ  names:    Imasatine  =  C^TT'lTO",  Gerhardi. 

39].  The  chloiiDe  compound  parallel  to  26I. 
Common  name :  ChlOTimaaatine  =  CrH*Ci*N*0',  Qerha 
risatdne,  Stredier. 

303'  The  bromine  compound  parallel  to  38]. 
Usnal  names :  Bibrom imasatine  =  CIFBr'N'O',  Qerl 
le,  Sfrtcia; 


3I].;ZH-^ 


Ivm.         fTOiQil  _  Anuda  ladylacate  bis 


A  compotmd  of  one  atom  ofthesaltafi]  with  two  atoms 
Common  name ;  Isatjlime  =  C?*H'*N*0'°,  Laurmt, 

(ZIT;  ZH.CH^l      ^.        .j    ■  j  i     ^ 
jj],  !eh-|  ZH  C'ITO  U  B"  -""if  "f Jj""" 
IzH-i       WO-J  amidamdylete. 

A  compound  of  two  atoms  of  a6]  with  one  atom  of  41. 

The  ordinary  name  of  this  salt  is  Isatimide  =  CftVl 
CtHDpare  Am  single  salt  26]  with  the  three  multiple  salts  aB 

33].  A  salt,  said  to  be  Yery  beautiful,  acddentallj 
Lament,  bnt  not  producible  at  pleasure.  His  name  ani 
Oarmindine  bibromfe  =  CTH-'Bi^'O" 

The  most  interesting  circumstance  respecting  this  salt  ii 
to  indicate  tlie  existence  of  sails  that  belong  to  the  eeiiee 
ja],  but  extending  beyond  the  last  of  these. 

I  JZIPj  ZH,(?KPO  1        Amida  indylacat«  com 
'■tZH';ZH,CnPO'|   "      indylaccete. 
This  salt  is  procnred  by  heating  the  isamateof  ammomal' 
is  driven  off,  snd  No.  34]  remains. 

ZH*;  ZH,C'WO'l  _  lZH*;ZH,CTPOt  +E 
ZH';  ZH,eiPO'|  -  |ZH';ZH,C"IP0»| 
The  compound  thus  procured  contains  one  atom  of  the  sa 
of  the  salt  43!.  Compare  34]  with  10].  The  dilTerenC' 
two  salts  is,  tnat  the  two  atoms  of  indyl  in  10]  are  re] 
atoms  of  indylac  in  34]. 

Common  names:   Isamide,  Amasstine  =  C^H"N*0*, 

Gtrkardt,     Polindenoxydammoniak  =  C^"1TO'  +  NH 

35],  36].  These  salts  conespond  to  34]  bnt  have  chl 

ttnic-indyl  instead  of  indyL     Common  o. 

No.  ;"■'"'■ 

No.  ■ 


34:.  I 
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-,   JZH*;  ZH,<7IP0"\  _  Ammona  indylaocete  com 
5 '-I-  \ZH*;        eH«0»f  "      araida  indylete. 

n ^«-^  ^i-k    ^1    fZH*;         C^IPO"!       Ammona    indvlete    cum 

Compare  with    9].  J2H.:        CH-O*/  =      amida  fadylete. 

The  onlj  difference  in  the  composition  of  the  two  salts,  Nos.  9]  and  37] 
is,  that  in  the  latter  one  atom  of  indyl  is  replaced  by  one  atom  of 
indylac.  The  salt  37]  contains  one  atom  of  isamate  of  ammonia  4a] 
combined  with  one  atom  of  isatine  4].  It  is  procured  by  acting  upon 
isatine  with  ammonia. 

ZIP;  CTPO»  +  ZIPH)   _  (ZH*;  ZH,CfIPO» 
ZH*,^!^  f  "  IZIP;         (TWO" 

The  common  names  of  this  compound  (No.  37)  are  as  follow :  Isamic 
acid ;  Imasatic  acid  =  C"H"N'0*,  Oerhardt.  Imasatmic  acid,  Laurent. 
Isatinamic  acid.  Rubindenic  acid,  Berzelius.  Isamsaure  =  HO, 
C»H"N»(y,  Strechsr. 

38]  and  39]  are  salts  similar  to  37]  but  containing  chloric  and  chlo- 
renic-indyl  instead  of  indyl.  No.  38]  is  commonly  called  chlorisamic 
add  =  HO,CTH*«Cl«N»(y.  No.  39]  is  called  Bichlorisamic  acid 
=  HO,CJ"IPCl*N'(y. 

40].  This  is  the  barium  salt  of  the  Isamic  add,  Na  37].  Between 
the  composition  of  No.  37]  and  No.  40],  there  is  only  the  difference 
that  Ammona  =  ZH*  is  replaced  by  Barytam  =  ZIPBo.  The  or- 
dinary name  for  the  salt  represented  by  No.  40]  is  Isamate  of  barytes 
=  BaO,C«H"N»0'. 

41].  This  is  the  silver  salt  of  the  "add"  formulated  by  No.  39]. 
Its  common  name  is  the  Bichlorisamate  of  silver. 

42].  ZH*;  ZH,C"IPO»  =  Ammona  indylaccete. 

This  is  the  ammonia  salt  of  the  "  add"  formulated  by  No.  37].  It  is 
formed  thus : 

ZH*;  ZH,e»IPO»  \  _  JZH*;  ZH,C«ITO» 

ZH«;        C'iTO«  +  ZIP,H[  ~  tZH*;  ZH,CriP(y 

As  I  consider  the  salt  Na  37]  to  be  a  compound  of  two  salts,  so  I  con- 
sider the  result  of  this  reaction  to  be  a  product  of  two  similar  salts,  and 
therefore  I  limit  the  formula  to  what  is  given  in  42]. 

The  common  name  of  42]  is  the  isamate  of  ammonia.  I  have  already 
stated  that  when  it  is  strongly  dried,  the  loss  of  water  transforms  it  into 
the  salt  No.  34]. 

ZIPCuc»;  ZH,C"ffO»  =  Cupriccem  indvlaccete. 
ZIPAg;    ZHOHK)"  =  Argentam  indylaccete. 

These  two  salts  are  modifications  of  No.  42],  the  anmiona  of  42]  being 


43]- 
44J- 


Feplai^  by  Cupriccem  in  43]  and  by  A 
names :  No.  43]  is  Isatinka^ieraiumoniuni 
C'K'H'Cu'O',  Gmdm.  laatinkupferoiydan 
+  NIP,  Strecker. 

No.  44]  is  IsatmsiWerenimoniam  =  C 
C^nXNlPAg)©*,  Launta.  laatJnsill 
CffNO*  +  NH",  Strecker. 

4.5I.  ZH'Ag;  ZH,<?IPC10*  =  Argeni 
This  Mdt  differs  Irom  No.  44]  only  by  conta 
indyl.  CommoD  names :  Chlorisatinsilveran 
AgO*,  Gmelin.  AgO.C'IPaNO'  +  NH" 
aigentammonitim  =  C"H»(NH'Ag)ClNO', 


Indybc,  as  already  expUned,  is  a  vice-ai 
Indyl  =  ZH,(?H*.  Indylam  is  a  vic»«it 
rfIiidyl  =  ZH',CIP. 

A 

4'3-  jzH-  ;  SO-f        =^^ 

(Pb;ZH,CH*;8'0*  =  Plnu 
49].  i  K  ;  ZH.Cff;  S-O*  =  Pota 
iBa ;  ZH,C?""    "•"'       " 


a,(?H»;  S*0*  =  Bary 

B 
(ZHVCTPjSO)  1 

5o]..^ZH»,C'H';SO'f  ="  \  = 

1=  ZIP.eH';  ZIP,CH»;  SID*) 

C 
51].  ZH',CH»;  SK)?  =  Indj 

,1    )ZIP,CH';SO'(        Hydra  indyla 
,  ♦^J-  i  HiSCf  "       for.HydR 

This  gait  is  the  Acide  snlfiaataneux  of  Lawn 
Striker.  Formd^:  HO,C"H'N0',2S0'. 
those  proportions  of  sulphur,  oxygen,  and  t 
nhot  is  commonly  called  a  salphate  should 
sulphite.    Organic  chemists  are  too  often  gv 
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a  salt  IS,  by  their  knowledge  of  the  materials  they  use  to  make  it,  or  the 
products  they  obtain  when  they  decompose  it.  A  salt,  while  it  exists, 
is  neither  its  antecedent  nor  its  subsequent.  Its  name  ought  to  state 
what  U  is  J  and  not  allude  to  circumstances  that  attend  its  oonstruction  or 
destruction. 

A  sulphate  contains  one  positive  radical,  one  atom  of  sulphur,  and  two 
atoms  of  oxygen.  A  sulphite  contains  two  positive  radicals,  two  atoms 
of  sulphur,  and  three  atoms  of  oxygen.  These,  at  least,  are  the  relatioDS 
insisted  upon  by  the  radical  theory,  but,  under  all  theories,  these  salts 
present  differences  which  no  chemist  is  entitled  to  overlook. 

47],  ZH*;  ZIP,CW;  S«0*  =  Ammona  indylam  sulphenote. 

This  is  the  ammoniarsalt  of  the  "  acid  "  No.  46].  Its  usual  names  are 
Sulfisatanite  d'ammoniaque,  Laurent.  Sulfisatanigsaures  ammiHuak, 
Strecker.  Formula :  C'«H'*N«S«0»  (with  a Aq.  omitted  in  the  above  fbr- 
mula).  This  salt  is  not  readily  decomposed.  Hydrochloric  add  does 
not  disengage  sulphurous  acid  fit>m  its  solution.  Salts  of  barium  pro- 
duce no  precipitate  therein.  The  salt  No.  47]  is  prepared  by  mixing 
bisulphite  of  ammonia  with  an  alcoholic  solution  of  sulphesatyde. 

48].  H;  ZH,CTP;  8*0*  =  Hydra  indylac  sulphenote. 
49].  K ;  ZH,C"H» ;  S"0*  =  Potassa  indylac  sulphenote. 

The  "  acid  "  No.  48I  differs  fbm  the  "  acid "  No.  46]  only  by  con- 
taining indylac  instead,  of  indylam ;  all  other  things  remaining  the  same. 
The  ^ts  49]  difier  from  the  salt  47]  in  the  same  particular.  The  dif- 
ference is  the  same  as  that  which  distinguishes  the  Binoxalates  from  the 
Oxamates.  The  acid  48]  is  prepared  by  digesting  indigo  blue  in  conceD- 
trated  hydrated  sulphuric  acid  in  a  close  vessel : 

ZH«,C«H«0 ) 
H,    S 
H,     S 

With  diluted  acid,  and  free  access  of  air,  the  salt  No.  57]  is  produced. 
The  acid  No.  48]  has  received  a  variety  of  names,  and  been  the  subject 
of  many  diflerent  hypotheses.  Sulphate  of  indigo;  Cosrulin-sulphuric 
acid,  W,  Crum;  Sulphindigotic  acid;  sometimes,  hyposulphindigotic 
add;  indigblauschwefelsaurc ;  Schwefelsaurer  indigo;  Losliches  indigo 
blau;  Indylinschwefelsaure;  Sulfindylsaure;  Acidesulfindylique,i>t<ff«K; 
Adde  sulfmdigotique.  Formul® ;  C'NH'S'O'  =  C'«NH\)«,2S0", 
Gmelm.  H0,C'«H*N0,2S0*  (  =  Sulphindylic  add),  Ma^.  The  salts 
49]  are  commonly  called  Sulphindylates.  The  usual  formula  of  the 
potash  salt  is  KO,C^«H*NO,S*0'.  It  has  also  been  called  Indigo  cannine 
and  soluble  indigo. 

I  copy  the  following  passage  from  Dr.  Gregory's  account  of  the  salts 
No.  49].     "  The  sulphindigotate  appears  to  be  strictly  a  hyposulphin- 


•O]         fZH,C»H»;SO»l  T^^     ., 
0«]        I  H  ,  HO  =  water. 
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digotate,  and  its  fbnnnla  U  in  all  probability,  C"£ 
Damas'  view,  according  to  which  the  salt  is  a  double  a 
to  sulphovinate  of  potash,  C'*H'NO,SO'  +  KCSO*,  ie 
the  chemical  lelations  of  these  substances.  Dunuu 
indigo  blue  was  analogous  to  alcohol,  and  that 
CH'N.O  +  HO,  the  body  C"H*N,0  bang  analogous 
Bat  this  view  is  far-fetched,  and  does  not  ^ee  with 
tions  of  indigo.  It  would  make,  for  example,  whib 
+  H  +  HO  or  CTJH*  +  aHO,  both  most  improbable 
hook  of  Organic  Chemistry  (1856),  p.  361. 

I  disagree  entirely  with  Dumas  view,  tnat  indigo  b 
analogous  to  that  of  alcohol,  and  I  have  shown  tha 
sembles  that  of  an  amide : 

H.CIPO   =    Alcohol. 

ZH*,CH'0  =   Indigo  blue. 

ZIPiCIPO  =    Acelamide. 
Nevertheless,  I  agree  with  Dumas,  that  the  strucb 
indigo  resembles  U>et  of  stdphovinate  of  potash ;  the  t 
Diolated  in  my  notation  as  follow : 

K :  CB-  :  SW  .  (  Solphovtate  of  p< 
( Fotassa  ethyla  aul] 

K;  ZH.(?H-i  S-V  ,  J  M'gM'teotpola. 
I  rotassa  mdylac  su 

The  sole  difference  exhibited  by  these  two  salts,  is  t 
ethyla  by  indylac,  both  of  which  are  basic  radicals.  1 
what  Dr.  Gr^ory  means  by  a  hyposalpbindigotate. 
he  {Hopoees  for  the  salt  shows  those  proportions  of  S 
stitnte  a  sulphate,  not  a  hyposulpfaate ;  moreover,  a  hy 
it  is  biacid,  is  monobasic  (see  page  173),  and  it  couli 
and  potassium  together,  as  a  base  in  the  form  ol 
ammonium.  The  respective  quantities  of  the  oiygen 
ever,  agree  with  the  composition  of  nothing  but  a  doi 
50].  ZH'.CTT;  ZH',C"H';  S-O*  =  Indylamei 

This  salt  is  what,  in  the  existing  nomenclature,  wc 
"neotral  salphtte"  of  indylam.  It  is  the  Snl&satyt 
of  Laurent  and  Erdmaim ;  the  Isatenoxysulphuret  o 
mnte:  CH'NO'S,  Xoureni.  C"H'»N"0'S',  Gerhan 
C^'NS',  Berzelius. 

51].  ZH',CH';  S*0  =  Indylam  sulphe 
Tbis  salt  is  givm  on  the  authority  of  Laurent,  after 
into  all  the  works  on  Chemistry,     The  ordinary  nami 
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Sulfesathyde,  Isathyde  bisuMurde  =  C"H«NO"SS  Laurent.  Bisalfisa- 
thyde  =  C"H"N«0*S%  Gerhardt  Isatenoxj-sulphuret  =  C'«H«NO* 
+  C"H*NO*,  Berzelius.  The  salt  is  prepared  by  passing  sulphuretted 
hydrogen  into  a  solution  of  isatine.  The  formula  51]  is  an  nncomiixiD 
form  of  an  oxysalt  of  sulphur,  and  I  think  that  the  true  formula  of  the 
salt  is  that  of  a  hyposulphite : 

„.,,       J ZH«,C»H» ;  SO  1  J  ZH»,0»H» ;  SOI 

^^^^  {  H;  S0[  ""'    {ZWWW;  Sol 

S;  SOj 

See  the  account  of  the  constitution  of  the  hyposulphites,  page  160. 
Gmelin  ascribes  to  this  salt  {Handbuch  der  Chemie,  Band  vi.,  423,)  the 
formula  C?'N*H'"0*S",  adding  the  authority  of  Erdmann  and  Laurent; 
but  I  imagine  that  this  is  an  error  in  quoting  the  figures ;  otherwise  we 
should  have  the  simple  formula : 

ZH»,C^»;SO   =  Indylam  sulphate. 

Section  4. — Salts  in  which  Sulphic-Indyl  is  the  Negative 

Radical. 

The  nature  of  sulphic  vice-radicals  has  been  explained  at  page  136. 
The  salts  of  sulphic-indyl  have  the  usual  characters  of  such  radicals. 
They  are  all  double  salts  if  viewed  in  relation  to  their  analytical  foraialie 
and  bibasic  salts  in  accordance  with  their  synoptical  formulse. 

AnalTtical  Fonnala.  Synoptical  Formula. 

Ammona  sulphic-indylite  cum  I  =  Ammona  ammona  indyl- 
ammona  sulphete.  |  sulphenute. 

52].  ZH*;  ZH*;  CIPS'O*  =  Ammona  ammona  indylsulphenute. 
53].  K ;  ZH*;  CH"S*0*      =  Potassa  ammona  indylsulphenute. 
54J.  K;  ZH*;  CHaSK)*    =  Potassa  ammona  cWoric-indyl- 

sulphenute. 
55].  K;  ZH*;  C"C1*S«0*     =  Potassa  ammona  chlorenic-indyl- 

sulphenute. 
56].  K;  ZH*;  CBi^SK)*    =  Potassa  ammona  bromenio-indyl- 

sulphenute. 
(ZIP;         C^IPSO')        Amida  sulphio-indylite  cum 
^  -,   jZH«,  eH»:       S0*J  ^       indylam  sulphete. 


58]. 


=  ZH«;  ZH',CH»;  C«H*S«0*  =  Amida  indylam  indyl- 
sulphenute. 
ZHK        ;  eiPS0»l  _  Potassac  sulphic-indyUte  cum 
ZH^C«H• ;         SO*  f  ""      indylam  sulphete. 
=  ZHK  ;  ZIP,C»H»;  C»H«S«0»  =  Potassac  indylam 

indylsulphenute. 


Sa].  ZH*;ZH';  CIPS'O'  =  Ammona  ammona 

The  ordinarv  names  and  formute  of  this  salt  are  as 
[Aile  of  aminonia  =  C"H"(NH')NO',aSO',  Gerhard 
sanres  ammoniak  =  C"NH'(NH*)0',2S0',  Gmlin.  ' 
are  formulated  by  several  chemiate  tiiia;  C'H'NO*, 
this  formula  is  deficient  of  HO. 

55].  K;  ZH*;  CIPSKy  =  Polassa  ammona  i 
This  is  the  potash-salt  corresponding  to  the  ammonia- 
mon  names  and  fomiulx ;  The  isatinosulphite  of  pot 
iSC,  Gerhardt.  IsatinGchwetligsaures  kali  = 
Gmelin.  This  salt  occurs  with  water  of  CTTStalliza 
driven  off  by  heat ;  but  it  is  also  possible  to  drive  of 
the  salt  ^3]  becomes  reduced  to  the  salt  49].  Heuct 
frequently  confounded  in  chemical  works.  The  Isal 
which  would  correspond  to  salts  51]  and  53],  is 
gives  its  formula  as  CKH'S'O"'  =  C"NiP0',3S0' 
respond  to  the  following : 

H  ;  ZH* ;  Cire'O*     =  Hydra  ammona  ii 

54].  K;  ZH';  CHC1S*0*  =  Polassa  ammona  c 

phenute. 
55].  K;  ZH*;  CK3*S'0'     =  Potassa  ammona  ■ 

sni  phenute. 
56].  K ;  ZH* ;  CBr'S'O'  =  Potassa  ammona  1 
sulphenute. 
These  three  salts  difier  from  53]  by  having  the  hyi 
partlv  replaced  by  chlorine  and  bromine  as  well  as  b' 
and  56]  the  hydrogen  of  the  radical  is  entirely  n 
radicals  of  the  four  salts  are  as  follow : 

53].  CH-S      =    Suiphic-indyl. 

54  .  (7HC1S    =    Chloric-sulphindyl. 

55  .  CCI'S      =    Chlorenic-sulphind' 
56].  CBr'S     =    Bromenic-sulphind; 

These  salts  afibrd  remarkable  examples  of  the  great  s 
take  place  in  radicals,  without  disturbing  the  stnictui 

The  ordinary  name  of  No.  54]  is  the  Chlorisatini 
of  No.  5  5]  the  Bichlorisatinsulpliite  of  potash ;  and 
bromisatuisulphitc  of  potash. 

Hence,  the  ordinary  names  of  the  salts  from  No.  5 
erroneous.  A  sulphite  contains  S'  +  O' ;  but  t 
S'  -|-  0*,  and  they  are  evidently  double  sulphates,  ii 
ticxial  atom  of  oxygen  which  always  accompanies  a  1 


t  may  receive  a  systematdc  name  cither  according  to  tlie  aDaljtiol 
'DoplJcal  fonnula,  as  is  shown  at  No.  jaj. 

AnsljUcal  Formula.  Synoptics!  Fonnuh. 

t  is  produced  when  indigo  blue  is  stirred  up  with  dilute  sul- 
icid,  witli  free  accesa  of  atmospheric  air.  It  lias  received  the 
g  names  :  SulpliopurpurJc  acid ;  Sulpliophenicic  acid  ;  Indig- 
Purpurschwefelsiiure.  FonnulEeL  H0,C"H'N'0',2S0',i»WBM. 
•0*,S*0',  Gerhardt. 

HK;  ZH'.CH';  CH'S'O'.  Potasaac  indylam  indyUulpbenule. 

the  potash-salt  of  the  so-called  "  acid  "  No.  57].  The  two  oom- 
[UfTer  only  in  the  circumstance  tliat  the  radical  Amida  in  57]  is 
id  into  Potassac  in  jB].  This  substitutioD  is  elTected  br  means 
ic  potash,  thus :  ZH'  +  KHO  =  ZHK  +  HHO. 


re  omitt^  from  the  prec«diDg  Table  the  oompooods  called 
Hydrioden,  and  their  derivatives.  The  composition  common!; 
to  these  compounds  is  such  as  does  not  admit  of  reduction  lo 
rmube.  For  Indine  we  have  CHTJO*  and  C'H'NO*,  cue  cor- 
ing to  indigo  blue,  and  the  oth^  to  indigo  whit«.  For  Uydib- 
j  have  (7"H"1W  and  trffTU'O".  All  these  are  given  bv 
.  The  compounds  that  contun  bromine  and  chlorine  arc  eqnaUj 
n.     I  have  also  omitted  Indelibrom  for  a  like  reason. 


Aniline. 

compounds  of  aniline  are  to  be  reckoned  by  hundreds ;  but  they 
the  subjects  of  manufacture;  they  are  not  articles  of  conunKce; 
e  of  no  use  in  the  arts ;  they  are  applied  to  no  purpose  in 
e  economy ;  yet  they  have  been  the  principal  subject  of  is- 
in  all  the   chemical  journals  of  Europe  for  nearly  twelve 

reason  that  these  compounds  have  commanded  so  much  of  ti» 
n  of  chemists  is,  that  they  setoned  to  promise  to  afford  inbnna- 
lich  would  lead  to  the  solution  of  the  great  theoretical  probkm 
is  expressed  in  the  inquiry — What  is  the  nature  of  the  Azotic 
That  problem  is  of  the  very  highest  importance,  because  it  is 


impossible  to  make  any  docisivc  lulvances  in  pliys 
chemistit  obliiin  claircr  notiouii  than  liavc  liithu 
the  nature  auii  functions  of  tlio  conipouncb  nf  iu 
Hofinaun,  carried  out  with  admirable  cx|K!rinieu 
plied  a  multitude  of  facts  to  aid  in  the  solutioD 
□otwithstanding  his  labours,  and  those  of  man] 
6elil,  it  cannot  tie  s^d  that  the  work  in  question 
and  that  the  problen)  of  the  coostttution  of  th 
logically  solved.  For  that  reason  I  take  leave 
chemists  to  a  series  of  argumenia,  which  constiti 
clear  away  the  diffitnilties  which  beset  this  quest 

The  "  Anilinc:  Thkouy,"  which  i  have  to  p 
of  chemists,  is  briefly  as  follows  :  a).  The  Kadia 
Phenyl  =  C*H*,  which  frequently  undcrgocH  su 
chloric-phenyl  =  CH'Cl,  chlorenic-plicnyl  =  C 
=  CH'Br,  bromeuic'phenyl  =  (?H"lJr;  lodli 
&).  In  corabinatioa  with  azote  and  hydrogen, 
ph^yU  produce  the  radicals  phenylac  =  ZH.C'H* 
iJienyletw  =  ZH*,((?H')';  and  the  vice-phenyl; 
which  result  from  the  substitution  of  chloric-,  bro 
nonnal  phenyl  in  such  compounds,  c).  These  vice 
which,  it  is  apparent,  are  part  of  tlie  great  systen 
ammooB,  and  are  in  no  respect  peculiar  to  aniline,  1 
in  the  usual  way,  with  negative  radicals  of  every 
not  oxidised ;  so  that,  in  this  respect  also,  they  ht 
to  aniline,  but  act  exactly  like  all  other  azotic  roc 
these  compound  radicab  have  a  great  t^ndencj 
especially  salts  which  contain  on  the  one  part  at 
put  on  ammon.  «).  They  also  [losscss,  and  I 
power  to  produce  triple  and  quadruple  salts. 

In  this  "  theory "  there  is  nothing  improl 
ascribed  to  the  aniline  radicals,  and  the  struct 
triple  salts,  are  such  as  are  common  to  many 
salts.  The  pretensions  of  this  "  theory  "  are,  t 
is  wonderfuUy  different  from  all  other  chemical 
is  able  to  reduce  to  order  and  r^ularity  a  mass 
are  commonly  formulated  and  named  in  chemii 
ctmliision  or  helpless  uncertainty.  The  points  up 
rests  are  these :  The  dismissal  of  all  ammonia 
assumption  of  vice-amids  and  vice-ammons  us  " 
these  radicals,  whatever  its  immpositioD,  being 
power  to  H',  and  exercising  that  power  in  the  k 
variety  of  single  and  multiple  salts.  Everything 
of  course,  in  accordance  with  the  general  principl 

I  proceed  to  adduce  evidence  in  support  of  thu 


TABLE  OF  THE  SALTS  OF  AITILINE. 

of  a  Table  of  examples  selected  from  the  most  important  aoiliiK. 
s ;  and,  secondly,  of  a  critical  account  of  the  names,  fbrmulfe, 
ies  applied  to  the  same  compounds  by  Hofmann  and  other 
On  looking  over  the  Table,  the  reader  will  see  the  etractme  of 
its  relation  to  other  salts  of  the  series,  and  its  systematie 
i  on  consulting  the  oot^e  he  will  be  supplied  with  the  mesns 
',  whether  or  Dot  the  tlieoiy  and  nomenclatoie  now  proposed 
DT  worse  than  those  against  which  they  are  put  in  competitico. 


Table  of  the  Salts  of  Aniline. 


1 


n,cii' ;  H 

H,CH'C1 ;  H 
H,Cffl*Br;  H 
H,CH'I;  H 
H.CH'Br';   H 
C?H",C"H';  H 
C?H',(?H'iH 
HjCIPBr^;  Br 
H,CH*C1*;C1 
H,  CH'Br";  a 
H.  K ;  CH' 
ffjCTH' ;  CI 
H*,CH' ;  Br 
H',(?H' ;  I 
IT.CH'CI ;  a 
H',CH*Br;CI 
H',CH*I;    a 
H',CH'I ;  I 
H',CH*Br';a' 

ff,cH'Ci ;  a ) 

Ptc-jClV 
IP.CH'I ;    CI  i 

pte";  a*f 

H',CH',Hf^ ;  a 
H»,CH';  NO" 
H-.CH';  SO" 
H',CH',Cuc ;  S0» 
H'.CH-Cl ;  SO* 
tP.CH^I ;  SO* 
H,CH' ;  SO  1  1 

H;SO*f 
;H;ZH,CH*;S'0') 
;;ZH,C"H';S'0' 


=  Phenylac  hydra, 

-  Chloric-phenylac  hydra. 

-  Bromic-phenylac  hydra, 
:  lodic-phenylac  hydra. 

=  Bromenic -phenylac  hydra. 
=  Amylic-phenyUc  hydra. 
=  Ethylic-phenylac  hydra. 
=  Bromenic-phenylac  broma. 
=  Chlorenic-phenylac  chlora. 
:  Bromenic-phenylac  chlora. 

-  Potassac  phenyla. 
=  Phenyiam  chlora, 
=  Phenyiam  broma. 
=   Phcnvlam  ioda. 

=  Chloric-phenylam  chlora. 
:  Bromic- phenyiam  chlora. 
1  lodic-phenylam  chlora, 
:  lodic-phenylam  ioda. 
:  Bromenic-phenylam  chlora. 
Chloric-phenylam  chlora  bis  platic 

lodic-phenylam  chlora  bis  platic 

=  Moric-phenylam  chlora. 

=  Phenyiam  nitrite. 

:  Phenyiam  sulphete. 

:  Cupric-phenylara  sulphete. 

-  Chloric-phenylam  sulphete. 
:  lodic-phenylam  sulphete, 

=  Hydra  phenylac  siilphenite. 

=  Argetita  phenylac  sulphenite. 


TABLE  OF  THE  S 

30].    Ag;  Z,(7H',CH';  SV)" 


31].. 


59]- 
40]. 
♦■J 

*'.■ 
43.- 
44.  ■ 

tl 

Ji;: 

49.' 
50]. 

51]. 

5J]- 

Hi- 
ss]- 
56]. 
57]- 
SB]. 


:m*;  s'O'    [■ 
H;cy      I 


ZIP,(?H';  PO" 
ZIP,CW;H«;PO* 
(ZH',CH')';H;  PC 
(ZH'.CH')';^;  P^y 

ZH'.CH'jOO* 

ZIP.CH*! ;  CO" 

ZIP.CH'Br;  C0» 
JZH'.f^H'CI ;  CO*  1 
\  HjCCl 

ZH,CTI';  CO 
(ZH*.  CO        1 

1ZH,C"H»;  CO        f 

ZH,CH';CHO 

2H,CIP;  CIPO 

ZH,CH';  CITO 

ZH,CTi';  CIFO 

ZH,CH';  CIPO 

ZH.CH';  CTPC 

ZH,CH';  CTFO* 

ZH.CH';  CTFO 

{ZH.CTI';  00  » 
H;  OO"! 
=  H;ZH,0^':CW 

Ba;  ZH,C^';  C^ 
jZH-.C^*;  2H,CTI*;  CVJ 
\  H;  ZH,CTI*;  CW/ 

fZH,C^';C?IPOl  1 

{  H;OTrO»l' 

t  =  H ;  ZH,CH';  (CH*)'0'J 

ZH,CH*;  NO* 
JZH,CH»;NO'     ) 
t  H;a        I 

(ZH,C1P;  NO"  1 
iHPtc*  ;  CI'  f 
|ZH,CH';  NO"  1 
\  aCHiCO*)  i 
jZH.CIPjNO'  1 
t  HjCyO    f 


■/  = 


'  Argenta  b< 

pheoite. 

Bis   pheny 

=  Phenylam 
:  Phenylam 
=  Phenylanw 
:  Pbenylamt 
phenoe. 
=  Phenylam 
:  lodic-phen 
:  Bromic-pb 

Hydra  ch: 
beoote. 
:  Phenylacc 
_  Phenylac 
carbate. 
-  Phenylac  f 
:  Phenylac  s 
=  Phenylac  £ 
:  Phenylac  1 
:  Phenylac  i 
:  Phenylac  1 
:  Phenylac  t 
3  Phenylac  c 

Phenylac 
:       carbete; 

Hydra  phe 
:  Baryta  phc 

Phenylam 
cnmhydr 

:  Hydra  phe 

>  Phenylac  i 
Phenylac 

chlora, 
Phenylac 

Phenylac 
carbete. 

Phenylac 
cyanate. 


£  OF  THE  GALl^  OP  AMIUNE. 


iC,    ) 

iKO- 
iCl 

;K0" 

;CI 

iCI* 

'iCy 

'iC, 


=    Bis  pbeD}-lac  nitrete  cum  hydra  cyana- 


E   Bis  phenylac  nitrete  cum  cyana  chlora. 


Bis  phenylac  nitrete  cum    cyana  chloia 
bis  platic  cblorcL. 


':Cy 

*;  H 
•;Cj- 

',Ag;NO' 

';Cy 
I  i  CO' 


•■  Phenylac  cyana. 

■■  Phenylac  cyaoa  ci 
Phenylac  cyana  a 
Phenylac  cyana  a 

!   Phenylac  cyana  ci 
■■    Phenylac  cyana  ci 


1  pbenylac  bydxa. 
1  phenykm  chlora. 
1  phenylam  broma. 
1  phenylam  ioda. 
1  phenylam  snlphet^. 


I 


*Br;Cy 
•Br;d 
';Cy 


}- 


:    Phenylac  cyana  cum  phenylam  nitrite. 

Bis  phenylac  cyana  cum  phenylac  hydra 
cum  argeDtic-phenylam  nitrite. 

1  phenylam 

Chloric-ph^ylac  i^ana  cum  chloric-pbe- 

nylac  hydra. 
Bromic-phenylac    cyana    cum    bromic- 

phenylac  hydra, 
lodic-phenylac  cyana  cum  iodic-phenylac 

hydra. 
Bromic-phenylac    cyana    cum    bromic- 

phenylam  chlora. 

Phenylac  cjana  cum   phenylam  chloni 

bis  platic  chlora. 


TABLE  OF  THE  BALT8  OF  AXIl 

ZH.PH-iCy 
76I.    ZIP,CTi',Cl 

Am^;  a- 

-■"ss; 

ZH,  CTH'Ci ;  Cy 

Chloric - 

77 

.    ZH',C*H*CI;C1 

=       chlorii 

Ptc*;  CI* 

platic 

[ZH.  CTH'Br;  Cy 

Bromic  - 

78 

.  ^ZH'.CH'Br,  CI 

=       bromii 

I        Ptc*;  a« 

platic 

fZH,(?H';Cy 

.  Bi.  phe, 

79 

JzH,CH';Cy 

1     H;c; 

cyaoa. 

79 

(ZH,CH»;Cy 
].{zH,C.^.Cj. 

=  BI,  pb„ 
chlora 

ZH.PH'iCr 

_  Bis  phet 

cyanal 

So 

l(ZH,CH'iCy)' 

_  Trispb 

•  1  ZH,CH';H 

-        nylac 

81 

.    ZCH-.e-H'iCy 

=  Methylic 

8a 

.    ZCTI'.CTl'iCy 

=  Ethylio-j 

83 

.    ZCff'.CH'i  Cy 

=  A  my  lie-] 

94 

IZH,CH';Cy 
■  tzH',C*H';Cy 

=  Phenyla 

8S 

|ZH,C^*;  Cy  +  HCl 

Phenyls, 

■\zte.cie;Cy  +  Ha 

hydra 

.„  jZH.CTriCy  +  HPte-Cl' 

_  Phenyl* 

'  |Z[P,C?H';Cy  +  HPtcKJ" 

-       hyd« 

87 

lZH,CH'iCy  +  HAiicTl' 
■)ZH',CH'iCy  +  HAucTi' 

Phenylai 

"       hydra 

88 

IzaCH-iCy  +  HNO- 

_  PhenyU. 

•  jZH'.CH'iCy  +  HNO' 

-       hydm 

89 

.    ZH'.(?H';CyO 

=  Phenyls. 

90 

,    ZH',{?H».CH»;  CyO 
.    zmCTi'jCyjS* 

=  Phenvle. 

9' 

=  Phen'ylai 

9a 

.    Zff.CH'.fTH^Cy:  S' 

=  Phenylei 

93 

(CH'.CyO 
.  JCH'.CyO 

^  Bis  phen 

1    H.Cy 

cyana. 

94 

CTISCyO 
.    C-H'.CyO 

_  Bisphen 

I  Ag.Cy 

cyana. 

CHLORANHINE,   I 

HoibaDn's  names;  Cblonmiline  and  Amachlophcnese.    Hia  fonnulffi 

Prepared  hj  acting  npoa  chlorisaliDe,  ladigo  ii],  with  caustic  potasl 

ZIP.CH'ClO't    _  1?^^*^^'" 
4K,H0  f 


{ (KK,CO»)' 


The  leactioD  is  quite  parallel  to  that  which  occors  when  normal  isat 
is  acted  upon.  See  No.  i.  Hofinoun  remarka  that  "  the  capacity 
saturation  of  chloraniline  is  the  same  as  that  of  aniline,  although  the  at 
of  the  latter  is  lower  than  that  of  the  former  by  the  differeDCe  of 
equivalents  of  chlorine  and  hydrogen  (443*65  —  u'50  =  430'15 
Item.  Ch.  Soc.  ii.,  377.  Of  course  !  The  capacity  of  Batnration  is 
same,  because  phenjlEic  and  chloric-phenykc  are  each  one  radical,  w 
tbesatuiatiDgcapaci^of  oneatom.  All  the  vice-am  ids  and  vice-ammo 
whatever  their  composition  or  atomic  weight,  have  the  saturating  ca 
tief  of  one  volume  of  hydrogen. 

3].  ZH.CH'Br;  H   =  Bromic-phraiylac  hydra. 
Bromaniline ;    Atnabrophaiese  ;    BromopbeDylainine  =  C"(H*Br)N 


n«    N.  Eofmarm. 

"Q 

Prepared  by  the  action  of  potash  on  bromisatjne.  Indigo  13],  Hofma 

4].  ZH,<?H*I;  H    =  lodio-phenylac  hydra, 
lodaniline  =  C''(H'I)N.   Hofmann. 

5].  ZH,CH'B.*;H   -  Bromenic-phenylac  hydra. 
Dibramaniline ;  amabropheoese ;  Dibromophenylamine  =  C"(H'Bt' 


K^Y 


■  N.  Hofmann. 


'  As  I  most  refer  to  many  of  Dr.  Hofmann's  formuls,  which  are  ge 
rally  writttjn  in  double  or  triple  lines,  I  shall,  to  save  room,  write  th 
in  a  single  line,  thus :  C"(H*,C1)N,  unless  there  appears  reason  to  qu 
tbem  graphically. 
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a 


ZC*H",C?»H*;H   =   Amylic-phenylac  hydra. 
ZC'H'.C'H^H   =   EthyUc-phenylac  hydra. 

These  two  compounds  contain  amidogens,  in  which  both  atoms  of 
hydrogen  are  replaced  by  oompoond  radicals. 

Hofmann's  names  and  formulae  for  No.  6] :  Amylaniline ;  Amylophe- 
nylamine 


=  (?"H"N 


=  c"{c»ff.}N  =  {cfH;JN. 


His  names  and  formulae  for  No.  7]  :  Ethylaniline ;  Ethylophenylamine 


ra  =  c»«{^%}N  =  |g|JN. 


There  exists  a  similar  compound  with  CH*,  instead  of  CH*  and  C*H*', 
but  which  in  other  respects  agrees  with  Nos.  6]  and  7]. 

The  compounds  from  No.  i]  to  No.  7]  are  commonly  called  "bases.** 
They  contain  one  atom  of  replaceable  hydrogen.  When  this  hydrogen 
is  replaced  by  an  anhydrous  radical,  we  obtsdn  salts  with  an  amidogea 
base,  such  as  Nos.  8]  to  11];  but  when  the  "  base"  combines  with  a 
**  hydrated  acid,"  the  hydrogen  of  the  "  acid,"  added  to  that  of  the 
**  base,"  is  just  sufficient  to  convert  the  amidogen  into  an  ammonium. 
Thus,  Aniline  i]  =  ZH,C*H*;  H,  with  hydrochloric  add  =  HCl,  pro- 
duces hydrochlorate  of  aniUne  =  ZH*,C'H*;  G,  shown  by  No.  12]  in 
the  Table.  The  **  bases  "  which  contain  chloric  and  bromic-phenyl  act 
exactly  in  the  same  manner  as  those  which  contain  normal  phenyl ;  and 
hydrated  oxygen  acids  act  precisely  like  hydrochloric  acid ;  so  iiiat  it  is 
possible  to  produce  a  great  number  of  salts  by  preparing  these  bases^  or 
hydrides  of  vice-amids,  and  then  simply  combining  them  with  hydrated 
acids.  The  experimental  processes  are  in  some  cases  compUcated ;  but 
60  far  as  respects  the  theory  of  these  compounds,  nothing  can  be  simpler. 
The  entire  aniline  series  consists  of  salts  of  Phenylac  and  Phenylam 
with  double  salts  containing  both  of  these  radicals,  and  with  a  few  mul- 
tiple and  irrcgiilar  salts.  The  differences  in  the  aniline  salts  depeml, 
either  upon  the  nature  of  their  negative  radicals,  or  upon  certain  peculiar 
forms  of  double  and  triple  salts  w^hich  admit  of  easy  explanation.  In 
consequence  of  this  great  regularity,  I  shall  pass  over  all  duplicate  salts 
with  a  brief  notice,  and  only  dwell  upon  those  prominent  substances 
which  invite  critical  examination.  Dr.  Hofmann's  series  of  papers  on 
aniline,  in  which  the  methods  of  preparation,  and  the  properties  of  all 
the  salts  are  described  in  detail,  being  easily  accessible,  in  the  Quarterly 
Journal  of  the  Chemical  Society^  I  shall  not  enter  unnecessarily  npoo 
those  subjects,  but  confine  myself,  as  closely  as  a  clear  identification  of 
the  compounds  will  permit,  to  the  discussion  of  formulae  and  names. 


THE  SU.TS  OF  AKILINB. 

8].  ZH,C?H'Bi»;  Br   =   Bromenic-phenyla 
Tribrranaoiline ;  amabrophenoee  =  C"(H*Bi*)N. 
H 

Thia  is  a  neutral  salt,  not  a  base;    a  bromide  of  i 
taining  a  bromenic  radical. 

9].  ZH,CH^^;CQ  =  Chlorenic-phenylac 
Trichloraniline ;  amachbphenose  =  C'XH'Br')N,  flo/ 
constitation  to  the  preceding  salt. 

10].  ZH.CH'Br*;  a  =  Bromenic^enyl 
Chlorodibrotnaniline ;  amachlobropbenose  =  CXfiKH 

1 1].  ZH,K ;  CH'    =  Potassac  phenylo. 
Anilide  of  potassinni  =  K,NH*,C"H*,  Eofmanii. 

I  a].  ZH',CH';C1  =  Phenylam  chlora. 
Hydrochlorate  of  aniline  =  C'Nff.Ha,  J^HtescAe. 

13].  Z:ff,CH';  Br  =  Phenylam  broma. 
Hydrobromate  of  aniline  =  C'TPN.HBr,  Hofmann. 

14].  ZH',CH';I    =  Phenylam  ioda. 
Hydriodate  of  aniline  =  C'H'NiHI,  Ilqfmann, 

15].  ZH',C*H'a;Cl  =  Chloric-phenylaiB 
Hydnxdilorateofchloraniline  =   aH,C"(H'Ca)N,  B 

16].  ZlP.CH'BrjCl  =  Bromic-phenylan 
Hydrochlorate  of  bromaniline   -   ClH,C*(H'Br)N,  / 

17].  ZH',C"H*I;C1  =  lodi^-phenylam  d 
Hydrochlorate  of  iodaniline    =  C'\ni)tf,aa,  Boftr, 

18].  ZH'.CH'JjI  =  lodic-phenylam  iod 
Hydriodate  of  iodaniline    =  C'*(H'I)N,HI, /foftiawi 

19].  Zff.CTPBr*;  CI   =  Bromenic-phenj 

Hydrochlorate  of  dibromaniline    =   ClH,C"(H'Br^N, 

-,    (ZH',CH'a;Cl  )         Chloric-phenyli 

^°>  1  Ptc*;  CPf  "^       bis  platic  ch 
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line  ani  bichloride  of  platinum  = 
%.     Id  this  case,  and  in  all  similar  ( 

that  the  number  of  positive  radics 
of  negative  radicals  =  CI*,  and  that 

of  assuming  the  eiistence  of  iichlor 
am  Bases," 

,  .    j  ZIP.CH'I ;  CI  )   „  lodic-p 

"'■!■  1  Pt<^;  a'}  ~       plati 

le  of  platinun  and  iodaniline  =  C'^ 

aa].  2IP,CH',Hgc;  CI    =  Men. 

cksilver-aniline,  Gmttin  =  CNff,] 
'sed  a  salt  of  the  following  constituti 

P,Hgc;  C!+a(HgcCi)  =  MHi&-phen' 
33].  ZH',CH*;NO'  =  Phenyl* 
name :  Nitrate  of  aniline.  The  a 
a  atom  of  hydrated  nitric  add  combii 
ogen  of  these  two  compounds  bein; 
ogen  into  an  ammonium ;  as  espkun 
ZH.Cff;  H  +  HNO* 
Phenylac  hydra  -f-  Hydra  nitrite  = 
pound  called  Nitraniline,  No.  54,  is 
a^].  ZIP,C?H':  SO"   =   Phenyla 

of  aniline  =  C'*NIF,HO,SO*,  ^ntn 
that  of  a  compound  of  an  atom  of  h 

of  aniline : 

i.CIPjH      +HSO* 

lenylac  hydra  -f-  Hydia  sulpbete  = 

5].  ZH»,CH',Cuo ;  SO  =  Oupric 
of  copperoxide-flniline  =  C"Nir,Cu 

:6].  ZtP.CH'Cl ;  SO'    =   Chloric-p 

of  chloraniline  =  SO»,C"(H'a)N  -| 
Ting  two  iivmulffi : 


Fo.  aj.  ZH,CH*C1; 
I.  26].     " 


No.  26].  ZH'.CH'Ci 

mn  calls  No.  3]  Chloianiline,  and  J 
id  his  formulce  are : 


SULPHAnUC  ACU>. 

C"j "'  1 N      and  SO-.C'*!  S'  ( N  +  HO. 


These  names  and  formnlie  efiectoally  hide  the  impor 
No,  2]  is  a  salt  of  ao  amidogeD,  and  No.  26]  a  salt  of  : 
Snch  ia  ihe  result  of  the  adoption  of  *'  bases  "  instead  of  " 
They  darken  what  they  are  ioteoded  to  enlighten. 

27].  ZIP,CH*I;  SO"   =   lodic-phenylam  su]phe 

Sulphate  of  iodaniline   =    e'(H'I)N,HSO*,  Ho/nwnn. 

aSl.  H ;  ZH,Cm' ;  S-O"         =    Hydra  phenylac  si 
29].  Ag;  ZH.CH';  S^O*       =    Argenta  phenylac 
30].  AgiZ,CH',CH*;S*0'=   Argenta  bsnzyUc-] 
Gulphenite. 

The^e  three  salts  aie  till  sulphites,  and  are,  therefore,  bibe 
171.  No.  28J  has  an  atom  of  hydrogen  replaceable 
radical,  and  on  that  acconnt  is  called  by  Hofmann  an  "  ai 
is  the  silver  salt  of  that  acid,  Ko,  30]  contains  benzylic-] 
of  normal  phenyl,  but  in  other  respects  it  is  the  same  as  ] 
mann's  formula  for  No.  28]  is  HS(K;"H'N,SO*,  and  hi 
phanilic  add.  Both  name  and  formula  ignore  the  existen( 
Gerhardt  calls  it  Phcnyl-sulphamlc  acid,  and  gives  i 
C^'NS'O".  Miller  gives  two  fonnulffi  l  HO,C"ff, 
HO.C'H'NS'O'.  Gerhardt's  name  and  formula  for  t 
follow : 

fC'H'S'O'  Azoture  of  sulphopheny 

N^C"H=0'       =         of    benzoUe     and 

[Ag  silver. 

By  this  ingenious  superstructure  a  bibasic  neutral  solph 
look  like  an  ammonia.  Gerhardt  calls  No.  39]  Sulphanili 
snlphamate)  of  silver  =  C'H'AgNS'O'.  Consult  A: 
No.  321],  also  the  section  on  Conjugated  Acids. 

31].  (ZH.CH';  S'0')'  +  HCy    =    Bis  phenylac  si 

According  to  the  formula,  this  salt  is  a  compound  of  t 
hyposulphale — see  page  17a — with  one  atom  of  hyd 
Hofinann  gives  the  following  account  of  it ; — "  Concent 
add  forms  with  Meknibne  (see  No,  6;)  a  copulated  i 
which,  as  it  appears,  possesses  this  remarkable  composition, 
which  crystallises,  and  produces  soluble  salts  with  all  bs 
mente  zntn  Htinduxirterbuche  d*r  Chemie,  271. 
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55]  are  phosphates  of  phenylam, 
itice;  No.  ^2]  is  the  iuoDol»sic  i 
and  No.  15J  is  tetrabasic,  or,  as  it 

143.     They  are  all  given  on  the  a 

}6].  ZH»,CTi>;CO»  =    PhenyU 
.xalate  of  aniline  =  (W.C'H'N  +  HO,  ffofmann.     The  cob- 
)f  this  salt  is  equal  to  that  of  an  atom  of  hydrated  oxalic  add 
om  of  aniline : 

H,CO*         +    ZH,CH';H      =     ZH',CH';CO'. 
[ydra  carbete  +  Phenylac  hydra  =  Phenylam  carbete; 

37].  ZH",<?H*I;00*   =   lodic-phenylam  carbete. 
f  iodaniline  =  C"(H'I)N,H(X)',  Ho/manit. 

38].  ZIP.CrH^Brj  C0»   =   Bromic-phenylam  carbete. 
f  bromaniline  =  <70',C''(H'Br)N,H0.  Eo/mann. 
-,    jZH',CH*a;CO*J        Hvdra  chloric-phoDylam 

*9J-  \  HjCO*)"  =       carbenote. 

e  of  chloraniline  =  3CW,C"(IPa)N  +  HO,  Hofmann. 

40].  ZH,CH*;(X)    =   Phwiylac  carbete. 
anilide  =       C"H'N,<X)»  =  CffNCi  „  ,  _ 
=  NH«.(?C,C'TH'  ^tlofmann. 

B  name  is  Dipbenyl-oxamide  or  diazoture  of  diphenylc 
f  CO* 

I    H* 

is  the  amid  of  the  ammoDiom-ealt  No.  36],  viz. : 
ZH-.CH';  00"  -  HHO  =  ZH,(?H';  00. 

-,    IZH,OTP;COI   _  Phenylac  carbete  cum  amida 
4'J-  \ZH'         ;COf  ~       carbete. 

ide  =  CVHTflK)*  =  (?*H'N,C^;  HTJ,(?0*,  Bi^mann. 
It  containing  the  amid  of  the  ammonium  series  and  that  0 

4a].  ZH,CTI';CHO   =    Phenylac  fbrmylate. 
ide;  pbenyl-formiamide ;  azoture  of  phenyl,  of  formyl,  ai 
fCTI' 
=  CH'NO  =  N  i  CHO.  GerJmrdt  {Ihut^  de  Ch.  iv.  77  ■ 


OXAHIUC  ACID. 

1}]  to  49].  For  each  of  these  seven  salts  Gerhardt  has  1 
mtuffi,  and  a  set  of  three  names  on  the  model  of  thoae  whicf: 
in  the  note  to  Na  43].  It  is  useless  to  quote  them, 
of  this  descriptjon  he  makes  the  negative  radical  plus  the  o 
in  chemical  power  to  H'  or  to  CH',  as  against  tlie  atom  1 
this  is  Dot  acoirate,  because,  as  I  am  showing  by  hundreds 
the  chemical  powers  both  of  H  and  CH'  are  paralysed  as 
form  port  of  an  tunidc^en.  The  power  of  attraction  exists 
tween  the  native  radical  with  il^  oxygen  and  Z  consid 
appea^ge  of  two  radicals — as  one  radical ;  and  it  is  qnite 
present  H'  and  CH*as  having  iadividually  in  these  compou 
chonical  power  as  the  oxidised  n^ative  I'adical.  The  "  ty\ 
applied  in  this  fashion  is  a  mere  Will-o'-the-wisp,  which  s 
leaj  one  astray.     See  pages  309  to  314. 

50].  H;  ZH,CH';  (70*  =  Hydra  phenylflc  oirU 
Oianilic  acid ;  phenyl-oxamic  acid  =  CHrNO",  Gerhardt 
acid;  aiiiloxamic  acid  =  HO.CW;  C-'H'N,C?0'  =  HO.C 
Hoftnann.  This  is  a  double  salt  on  the  model  of  oxami' 
forroed  of  the  amide  ZH,C*H' ;  CO,  in  combination  with  hj 
acid  HCO".  The  hydrogen  of  the  latter  is  replaceable  by 
it  gives  rise  to  a  variety  of  salts  of  which  No.  5 1]  is  a  modi 
commonly  called  Qxanilates.     See  page  337. 

51].  Ba;ZH,C"H';  (?(>•    =    Baryta  phenylac  cart 

There  are  numerous  salts  of  similar  constitution,  containing 
and  other  positive  radicals,  instead  of  Ba.     See  page  337. 


5^]- 


ZfflcfH^  CO"})       ^^"7*^  phenylac  carbei 

ZH  CH»    CO    r  ^      ^  ^^^  ^'^^^  ' 
'         '         f]  benite. 


An  inspection  of  the  formula  convinces  os  that  this  is  a  d 
salt  belonging  to  the  series  50]  and  51I.  Acid  ozanila 
=  C"H'(HC'TFN)N0',C"IFN0',  Gerhardt.  CHH 
GmAin.     The  formula  given  by  Hofinann  is : 

5}].  H;ZH,CH';  (CH')*0'  =  Hydra  phenylac  succ 
This  compound  is  nmiiar  in  constitution  to  No.  50],  exce] 
acid  radicals  arc  snccinyl  instead  of  carbon.    It  is,  of  course 
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fonned  bj  the  abstraction  of  HI: 

i'.CH^CH'O*!       IH,HO|_( 
H';C?H'0*|       I  i~\ 

:eable  by  a  positive  radical.  Se 
m  to  die  salt  No.  53]  are  Sucranai 
lionvl-succinamic  acid.  Fonoute : 
imtHn.  eH'(C"H')KO',  Gerha, 
y  =  HO.CffO*;  CH'N.CffO' 


4].  ZH,(?H';NO*  =  Phenylac 
=  C"(H'NO*)N,  Hofmann. 

-I  jZH,CTI';NO'l  Phenvia 
5-I-  t  H ;  CI    f  =       chlon 

ite  of  nitraniline  =  C"(H'NO*)N,: 
uliE  which  I  have  given  to  54]  ar 
which  arc  given  to  those  salts  b 
niline  to  be,  like  aniline,  a  hose, 

NO".  That  notion  would  cause 
)•;  H;  and,  correspondingly,  thi 
:'N0*;  a.  These  two  formula)  ] 
"  a  vice-radical  that  contains  NO' 
ling,  as  usiial,  a  phenylac  and  a  pi 
No.  54].  =  ZH,CrH'NO 
No.  55].  =  ZH'.CH'NC 
lat  this  method  of  looking  at  the 
les  is  incorrect  I  will  not  declar 
Eances,  form  part  of  an  amidogm  t 

the  point,  and  I  find  ng  evidenc 

e.     On  the  contiar}-,  it  seems  to  me,  that  nitranitine  is  a 
which  has  normal  phenylac  for  itii  basic  radical,  and  nitrogen 
>r  its  acid  radical ;  constituting  what  is  commonly  called  1 
'ith  the  radical  (ZH.CH')  for  its  base, 
amine  the  characters  of  nitraniline: 

line  affords  not  the  Blightest  reaction  with  test  papers;  evoi 
vhich  is  so  exceedingly  sensitive  for  alkalies,  is  not  at  all 
L  .  .  .  .  Nitraniline  displaces  none  of  the  metallic  oxides 
eid  compounds ;  its  basic  properties  are  exceedingly  woJt. 
laces  this  base  from  all  its  salts.  ....  Although  nitraniline 

base,  it  combines  with  acids,  affording  ciystaUizable  salts. 


NITR  ANILINE. 

which  possess  the  same  constitution  as  the  coirespond 
All  its  sdlts  are  decidedly  acid  to  test  papers.  Thi 
by  the  caustic  and  carbonated  alkalies,  nitnuiiUDe  sepa 
line  fbnn."  Hofmatin  and  Muspratt,  JHeinoirs  Chan. 
I  have  formulated  nitraniline  as  the  aroide  which  o 
nylam  nitrite  No.  3j],  namely,  to  tlie  salt  which,  in 
of  chemistry,  is  called  Nitrate  of  aniline : 

No.  23]  =  ZIP.CIP;  NO"  -  HHO  =  ZH,CTi*; 

The  characteristics  of  nitraniline,  quoted  firom  Hofine 
account  of  It,  agree  precisely  witli  such  an  amide. 
combinatioDS  with  acids  are  very  acid  ;  it  cannot  act 
dpitant^;  and  it  is  easily  separated  from  the  acids  1 
bines,  by  any  base — even  by  aniline. 

I  conclude  fiom  these  particulars,  that  nitraniline  is 
with  the  formula  ZH,CH';  NO";  that  it  is  not  a  ha; 
no  proof  that  its  radical  phwiyl  =  CH*,  is  changed  ir 
salts  of  nitraniline,  Nos.  55]  to  58]  are  consistent  w 
As  each  of  them  cont^ns  an  atom  of  free  hydnited  1 
account  for  their  acid  reactions  in  accordance  with  tht 
I  have  cited  from  Hofinann  and  Muspratt. 

56].  ZH,CH';  NO*  +  HCl  +  aPtcCl  =  Phei 
hydra  chbra  bis  platic  chiora. 

Double  aalt  of  hydrochlorate  of  nitraniline  and  bid 
=  C-'(H'NO')N,HCI,PtCl*,  Ho/mann. 

57].  ZH,CH';N0'  +  2HC0'    =    Phenylac 
hydra 

BinoxalateofnitraniUne  =  C"(H'NO')N,HO,a{C0', 

58].  ZH,(?H';  NO'  +  HCyO    =    Phenylac 

This  is  a  combination  of  nitraniline  with  hydrated 
produced  during  the  action  of  chloride  of  cyanogen 
subsequent  treatment  of  the  product  with  wal«r.  H 
bamide-nitiocarbanilide,  and  he  gives  it  all  the  f 
C»HTS'"0"  =  C"(HT^O')NX>'  =  NH',00;  C"(H'Nl 
This  compound  appears  to  me  to  be  precisely  ans 
and  if  that  salt  is  to  be  supposed  to  contain  an  ai 
should  also  contain  an  ammonium ;  in  which  case  5 
— the  cyanate  of  an  ammonium,  containing  peroxide 
atitute  for  H',  thus :  ZH*,(?H',  NO* ;  CyO.  Now, 
to  admit  that  the  replacement  of  H  in  na  ammonini 
or  O,  or  NO*,  withont  much  better  evidence  in  snpp 
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objectioDS 

of  amidoj 

i  theory,  p 

l-Z  +  HCj 
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I  number  di 
leoretical  i 
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ydrocbloral 

inula  agret 

)  the  propr 
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Cloez  =  C"H'N*  -  N(C*H')CyH,  ( 

Hqfmcam. 

ZH,  (TH'jCy  1   _  Phenylac  cyana 

ZH,CH';M     f  "       hydra, 

ZH,C*H»;Cy  I        Phenylaccyana 

ZH'.CH';  CI    f  ■=       chlora. 


ZH,(?H';Cy  1        Phenylftccyflna. 
ZIP.CH*;!      (  ^       ioda. 
ZH,  Cff;Cv   I  _  PLenylaccyanai 
ZIP.CH':  SO"!  ~      sulphete. 
ZH,  CH*;Cy  I    _  Phenjlaccyana 
ZH'.CH'iNO'f  ~       nitrite. 
Jf-a-(lozQD  double  salts  that  exhibit  gr 
eir  characteristic  salt  is  Phenylac  cy 
)f  them.     The  other  salts  of  these  c 
bed  individually.      No.  65]  contain 
2]  ;  No.  65]  contains  No.  13]  ;  No,  6 
ins  No.  34]  ;  No.  68]  containa  No.  ; 
L  our  examination  of  these  componni 
this  salt  produces  all  the  others  by  dir 
1.     Thus, 

^3]  +  HCI       Hydrochloric  add 
63'    +  HBr      Hydrobromic  acid 
63J  -i-  HI         Hydriodic  acid 
63     +  HSO»    Sulphuric  acid 
63]  +  HNO"    Nitric  acid, 
in  phenylac  hydra  added  to  the  hydi 
convert  phenylac  into  phenylatn,  or  pi 
igen.     See  the  explanatory  note  afler 
turn  to  the  account  of  those  salts,  thi 
,  their  discoverer.     You  will  find 
C/ietiacal  Society  {1B47),  vol.  i.  p.  3E 
:»iled  MtXANiLiKB,  and  it  is  said  to  h 
conjugated  alkaloid.     A  conjugated 
valent  of  acid.     It  has  scarcely  any 
only  slightly  soluble  in  cold  water, 
with  most  of  them  forma  crystallised  1 
operties,  melaniline  is  nearly  allied  to 
lecomposed  by  melaniline,  nor  ha^  anil 
ler  base." — Hofmann, 
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s  not  one  of  these  characters  that  is  cot  perfectly  consistent 
jnnula  which  I  have  given  to  the  compound  in  No.  63J.  The 
ivident  why  it  saturates  only  one  equivalent  of  add  ;  namely, 
contains  only  one  replacedble  atom  of  hydrogen.  The  action 
lie  colours  results  from  the  presence  of  the  H'  of  the  aniline 
us  the  compound  is  only  slightly  soluble,  the  solution  can  have 
le  action.  Aniline  has  no  action  on  salts  of  mekniline,  because 
an  displace  neither  phcnylac  nor  phenylam. 
ne  melanlline  was  adopted  in  consequence  of  a  reladonship  or 
which  Dr.  Hofmann  supposed  to  exist  between  this  body  and 
and  that  is  usually  called  melamine.  According  to  niy  n>y 
ting  these  two  compooods,  they  are  as  follow : 
diamine    =     ZH*,Cyl  =  Amida  cyanyja. 

,    ...  (ZH,  CH';Cyl    _  Phenylaccyanacom 

fianiime  =  ^zH.CTt";  H  f  "       pheny lac  hydra. 

jnship  that  exists  between  these  two  compounds  is  certainly 
it ;  a  sort  of  Scotch -cousinship  a  great  many  times  removed 
fmann  is,  however,  quite  right  in  the  following  stateracnt 
e  mode  In  which  it  is  formed  (viz.,  by  the  action  of  chloride 
n  on  aniline)  the  basic  atom  of  melanijine  may  be  regarded  as 
e  combinatjon  of  aniline  with  cyanilide.  whence  the  ratDonal 
the  new  compound  assumes  the  following  shape : 

CWN"  =   C"H'NCy,      CHTU." 

Hduiline.  Cyanilide.  Aailiae. 

ion,  traosformed  into  my  notation,  is 

ZH,CH';  Cy  +  ZH,CH»;  H. 

No.  63]        =       No.  6a]       +       No.  i]. 
n's  names  and  formulie  for  the  salts  Nos.  64]  to  68]  areu 

Hydrochlorateofmelaniline  =  C"H"N',HCI. 

Hydrobromate  of  melaniline  =  C?H"N',HBr. 

Hydriodate  of  melaniline  =  C^H-'N-.H!. 

Sulphate  of  melaniline  =  CTI'^NVHSO*. 

Nitrate  of  melaniline  =  C"H'»N',HNO'. 

given  another  series  of  formulce  for  these  salts  similar  to  the 
sample: 

No.  64]   »    C"H'N,C'WNCy,Ha. 


m- 


ItELANn 

No.  £3],  he  has  propt 
WN*. 


C'TI'N.Cy. 

CH';  Cyl  ) 

l?H»:Hf  I 

CTI';  Cy  U  = 

,CH',  Ag;NO»f) 

will  be  understood 
S] ;  considering  it  to  I 
dical  phenykm  of  N 
'phenybin ;  or,  in  otl 
j]  cojnbine  with  one  a 
ble  or  acid  salt  No.  69 
f  silver  snd  melanili 
NC)',),AgNO';  and, 
■melaniline  =  AgO,N< 
imewhat  uncommon." 
ind  ammoniums  that 
dn^n.  It  is  only  u 
Eict  that  Buch 
l,CIP;Cy  1 
[•,{?H»;  CO' J 
H  jCCj 
inosalate  of  melaniline 
N,C'«H'NCy,a(HC?0* 
aCH-CljCy)  CI 
H.CH'Cl ;  H  f  = 
ilotomelaniline  =  <?^ 


Ph 


romomelaniline  =  (7'( 
;H,<?H*I;Cy    1        I. 
;H,(?H'I;  H     I  = 
■doDielaniline 


?'(H"P)N' 
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»-.7i]'  73].  7i]  w" 


73],  7}]  wil 
injl  of  63]  i 


tho  other  salts. 
properties. 


drochlotate  of  dibronw 

!H',CH' ;  CI  V  =  " 
Ptc";  a* 


l'NCy,HCl,PtCl'. 

2H,CH';Cy     | 
Eff.CTI*;  CI      J.  = 
Au<^;  CI'     j 

chloride  of  gold  and 
[•NCy,HCI,AuCl'. 

SH,CH*a;Cy) 
!H",C«'CI ;  CI  J.  =. 
Ptc";  CI'J 

hloride  of  pUtlDum  ai 

N',HCI,PtCl'=C»|^ 

ZH,CH'Br;Cy) 
HP.CH'BrjCI  \  = 

Ptc' ;  CI'J 
bloride  of  platinnm  an 
N'.HCI,Pta'=  C'i 


jCy    1 
■.Cy     \- 
iCy    I 


!H,CTI' 

ai,CTI' 

H 


roduced  by  the  action 
the  name  of  Dicyanon 


sii  different  formula?,  which  ^ve  ns  certainly  the  opport 
but  necessarily  accompaDied  by  its  embarrassments : 

C"H"N'  =  Cy'.CTH'TP  =  CyCTPN;  Cy,0 
=  C»H'N,C"H'NCy|^^    =    Nir'(2AnCy,. 

=  Cyin       In,  CyJcy     In. 
tC'*H'J  lc«H>j 

Gmelin's  name  and  formulae  are  Btcyannielanilin  =  C**C 

Compare  No.  79]  with  No,  63.]  There  really  seems  to 
in  the  matter,  and  do  necessity  to  marshal  such  an  an 
The  transformation  vrhich  takes  place  in  this  process  is  1 
possible  character.  Two  atoms  of  cyanogen,  combine  w 
meUnilioe,  converting  H'  from  a  negative  into  a  positive  1 
dacing  a  triple  cyanide.     But  let  ns  listen  to  Dr.  Hofinai 

"  In  dicyanomelamline  the  basic  properties  of  melanili 
oeptjble  :  IJiey  appear,  however,  less  prominent  than  in  I 
of  substitnljon.  The  cyan<^en  base  dissolves  wit^  g 
dilute  adds  in  the  cold.  On  adding  ammonia  to  the  acid 
moments  oAer  it  has  been  made,  a  white  precipitate  is 
consisting  of  unaltered  dicyanoraelaniline.  I  have,  huwe 
to  prepart  saits  of  this  base." — Hofmann,  Quarterly  Ji 
1848,  i.  509. 

'•  I  have  vainly  endeavonred  to  produce  crystallized  ( 
dic}'anomelaniline  with  adds.  In  &ct,  the  only  experir 
of  the  basic  nature  of  this  substance  is  the  remarkable  fad 
it  dissolves  in  mineral  as  well  as  v^etable  acids." — Idem 

Those  who  look  at  formula  No.  79]  will  feel  littl 
Dr.  Hofinann  should  fell  in  preparing  salts  by  adding  i 
"  base,"  They  will  feel  more  surprise  that  he  should  atb 
*'  base"  a  meaning  with  so  wide  a  latitude. 

(ZH,CH';Cy   It,.., 

Discovered  by  Lanrent      ChlorcyaBiJed  ;    formnlffi ; 
C"Cy*Ad'iF,Ha,  ftneim. 

79'].  |ZH,(?H'    Ov    I  =  ^1   phenylac    cyai 
t  H;<^0[  hydra  cj-anate. 

Anilinammeline  =  C"N'H"0',  Gmelin. 
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,  ((2H,CTI';Cr)'l  _  Tris 
■*>  (  ZH,CH';H  f  "  ph( 
re  with  Nos.  6a]  and  63].  J 
!  is  heated,  aniline  distils  over,  an 
composition;  CH^N^;  and  h 
of  this  fonnula  consists  in  regit 
tllon  with  tbree  equivalents  of  an 
[ellon  .  .  .  CN* 
niline-meUon  .     CNYC"H*)  = 

lis  formula  actually  representa  tl 
its  fonnation  would  be  the  k 
)ms  from  three  equivalents  of  mi 


Jow.  Chem.Soc.  ii.  32J. 
onclusion  is  correct ;  bnt  why  1 


process  ?     What  have  we  to  do 
7H*,orC"H*,  orC'H'N'?     Th 

nely  simple,  and 
^  them.     Thus 

require  none  < 

0«d. 

ZH,CH' 

ZH,CH' 

msof    ZH,CH' 

6}]       ZH,CH' 

ZH. 

ZH. 

=     ZH 

ZH 

ZH,CH' 

!H  1 

1    _     ZH 

ZH.CH' 

iH| 

'  =     ZH 

i].  ZCIT.CTI*; 
a.  ZCH'.Cffl'; 
3].  ZCH",CH' 

Cy 

-  Methj 

=    Ethyli 
=   Amyli 

ta  are  BO  simple  that  tl 
d  ft»Tnnl£e  are  as  foUoi 

ley  requir 

-,    iMethyl-phenyl-cyanamide, 
■I'  \     cyanic  methylanilide 

1    |Ethyl-ph«iy[-cyanamide,    < 
-''  \     cyanic  ethylaniltde 


CTAHILtHE. 


83]-  { 


lAmyl-pfaeoyl-cyanamide,  or  \f<iinii 
'     cyanic  amylaailide  f 


These  three  formuUe  exhibit  the  usual  excelleocies  < 
ammonia,"  and  make  simple  things  complex  wjtb 
We  are  here  called  upon  to  beUeve  (if  we  cao)  that 
hjdrogen  in  aoimouia,  and  that  tlie  result  is  still  aa 

This  formula  is  intended  to  represent  the  compounc 
calb  Cyaniline,  and  which  he  represents  by  the 
C'lTN'  =  Cy,C"IFN. 

According  to  Dr.  Hofmann's  opinion,  cyaoilio 
direct  union  of  one  equivalent  of  aniline  and  one  e<] 
Those  materials  produce  ZH.CIP;  H  +  Cy.  Bu 
sents  the  radical  phenylac  in  combination  at  one 
radicals,  H  and  Cy.  To  overcome  this  irr^ularity, 
which  produces  No.  84],  a  double  salt  which  is  qui 
many  other  salts  of  phenylac  See  Nos.  64]  to  7c 
cyaniline  are  perfectly  neutral,  and  the  compound 
salt  much  more  than  it  does  a  base. 

65]  to  881.  These  formula  represent  examples  c 
which  are  formed  by  cyaniKne.  This  compound 
hydrated  acids  and  with  the  metallic  chlorides,  a 
manner  that  the  phenylac  cyana  and  phenyjam  cya 
with  the  hydrated  acid  and  the  chloride.  These  v 
the  formulee. 

These  compounds  are  prepared  with  difficulty, 
readily  decomposed  by  water.  "  The  constjtut 
cytmiUne,"  says  Hofmann,  "  is  nmilar  to  that  of  the 
compounds  are,  in  £ict,  aniline  salts,  which  have  b 
Ute  demetUs  of  cyanogen.  I  have,  however,  vainly 
of  cyanihne  by  passing  a  cunent  of  cyanogen  gas  i 
tion  of  an  aniline  salt" 

If,  in  accordance  with  Br.  Hofinann'a  opinion,  1 
of  (^aniline  so  as  to  be  similar  to  the  salts  of  ani! 
an  adjunct,  "associated,"  as  he  calls  it,  which  I 
not  combined,  but  hanging  on  Icosdy,  they  will  apj 
851  ZH»,CH' ;  CI  +  Cy. 
-  '  .  ZIP.CTI' ;  CI  +  aPt«a  +  C] 
,  ZH»,CH*;  CI  4-  3AUCCI  +  C 
,  ZH',CH';NO'  +  Cy. 
The  hydrogen  of  the  hydrated  adds  is  just  enoi^ 
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nylac  into  phenylam,  and  this  simplifies  the  formula  greatly.  But  what 
is  the  function  of  the  cyanogen  in  these  salts  after  the  hydrated  acids 
have  converted  them  into  salts  of  phenylam  ?  Is  this  a  case  where  we 
have  hiacid  salts ;  or  is  the  cyanogen,  as  Hofmann  assumes,  a  '*  copula," 
an  unexplained  and  unexplainable  adjunct  of  the  phenylam  ?  "  The  for- 
mation of  this  base,"  he  says,  **  offers  one  of  the  first  instances  in  which 
an  organic  alkali  is  found  associated  with  another  compound,  the  presenoe 
of  which  does  not  affect  its  saturating  capacity."  What  gives  chlorine 
the  power  in  these  special  cases,  and  only  in  these  special  cases,  to  nullify 
the  saturating  capacity  of  cyanogen  ?  Upon  the  whole,  I  am  of  opinion, 
that  it  is  safest  to  consider  these  compounds  as  quadruple  salts,  such  as 
they  are  exhibited  by  formulse  Nos.  85]  to  881,  page  279.  The  assump- 
tions of  Dr.  Hofmann  lead  to  consequences  uiat  are  too  important  to  be 
admitted  without  sufficient  evidence.  I  cannot  understand  the  position 
of  an  *'  associated  "  radical,  which  has  no  functions  to  perform.  That  is 
not  according  to  the  common  course  of  nature,  which  makes  every  atom 
do  its  duty. 

89].  ZIP,C«H» ;  CyO  =   Phenylam  cyanate. 

Hofmann's  Carbamide-carbanilide,  or  Anilo-urea.  Procured  by  the  action 
of  hydrated  cyanic  acid  =  HCyO  upon  aniline  =  ZH,CTP;  H. 

90].  ZH",0'H»,CTa»;CyO  «  Phenylem  cyanate. 

Hofmann's  Garbanilide. 

These  two  compounds  belong  to  the  class  of  Ureas,  that  is  to  saj, 
each  of  them  is  a  cyanate  of  an  ammonium ;  and  they  differ  from  cme 
another  only  in  the  circumstance,  that  the  radical  phenylem  of  No.  90] 
contains  twice  as  much  phenyl  as  is  contained  in  the  radical  phenylam  ca 
No.  89].  Nevertheless,  these  two  salts  form  the  subject  of  a  special 
theory  by  Dr.  Hofinann,  and  as  I  consider  that  that  theory  is  fallacioas, 
I  shall  quote  his  arguments  in  full. 

*'  The  method  by  means  of  which  I  first  obtained  anilo-urea,  viz.,'the 
action  of  hydrated  cyanic  acid  on  aniline,  very  naturally  su^ested  the 
idea  that  this  compound  must  be  considered  as  an  analogue  of  urea ;  as 
urea  containing  the  elements  C*'H\ 

Urea NffHCWO', 

Anilo-urea     .   (e«H*)NH»HCmO*, 

and  hence  the  name  under  which  I  have  described  it 

'*  This  mode  of  regarding  it  is,  however,  not  supported  by  the 
chemical  deportment  of  the  compound ;  in  anilo-urea  we  no  longer  find 
a  remnant  of  basic  properties,  [i]  I  have  vainly  endeavoured  to  combine 
it  with  acids,  in  order  to  produce  compounds  analogous  to  nitrate  or 
oxalate  of  urea.  The  presence  of  these  acids  does  not  increase  the 
solubility  of  the  aniline  compound  in  water,  and  the  crystals  deposited  on 
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tain  DO  add.  My  attempts  to  form  a  platint 
ien  Tmsaccessful.  [a], 

irmnla  of  uiilo-urea  admits,  however,  of  anther  in 
trikingly  supported  by  experimental  evidence.     T 

C'*BPN*0*  =  RIP.CO;  C'»H"K,CO, 

t  we  may  con^der  tliis  substance,  Ukewise,  as  a 
arbamide  with  its  conji^ted  analogue.  The  eiisi 
mpomids  is  by  no  means  isolated  :  in  a  Memoir  i 
I  of  Cyaniline,  which  I  intend  shortly  to  present  to 
re  to  describe  a  body  of  perfectly  similar  conatru 
.  of  oxamide  with  oxanihde,  coiresponding  in  eve 
ling  substance.  [3}. 

NH',C  0  ;  C"H*N,' 
NH',(K>';  OTI;N,i 

!  curiooB  to  submit  this  idea  to  the  test  of  exp 
ute  enough  to  meet  with  a  reaction,  which  leave 

the  structure  of  anilo-urea,  or  cflfbamide-carbaii 
more  properly  shonld  be  called.  I  found  that,  wb 
ion  of  heat,  this  compound  actually  splits  into  i 
its ;  one  of  which,  the  carbanilide,  is  the  princip 
on,  whilst  the  other,  unable  to  exist  at  the  te 
I  separation  takes  place,  undergoes  a  further  metam 
x^;nized  only  in  ite  derivatives. 
ibmitting  anilo-uiea  to  the  action  of  heat,  the  so 
ecomposition ;  on  increasing,  however,  the  tempt 
;-point,  toirents  of  ammonia  are  evolved,  while  Uk 
difies  to  a  ciystalliue  mass,  which  agtun  liquifies,  a 
a  liiTther  elevation  of  the  temperature.     If  the  p 

as  soon  as  the  evolution  of  ammonia  ceases,  t 
liqttefy  again,  the  residue  in  the  retort  consists  ( 
mc  acid.  On  treating  this  mixture  with  a  larg 
'ater,  the  whole  of  the  cyannric  add,  together 
if  the  other  substance,  is  dissolved.  In  order  I 
acid,  the  aqueous  soluljon  is  evaporated  to  dryi 
Lbacted  with  alcohol,  when  carlmnilide  is  dissol 
ina  in  a  state  of  purity.  The  properties  of  cyanur 
h&i  I  have  omitted  to  analyse  the  product ;  its 
enta,  and  emitting  also  the  well-known  odomr  o 
ted,  spearing  quite  sufficient  to  obviate  all  chano 
pHXjduction  of  carbanilide,  of  ammonia,  and  of  cyi 
on,  admits  of  an  easy  eiplanaUon,  if  we  recollect  t1 
r  a  Bubmultiple  of  urea,  which,  as  is  well  know: 
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nutted  to  dry  distillation,  is  converted  into  ammonia  and  cyanuric 
acid. 

"  Two  equivalents  of  the  compound  contain  the  elements  of  two  equi- 
valents of  carbanilide  and  one  of  urea :  [4] 

" V ' 

Carbamide-  Carbanilide.  Urea : 

Carbanilide. 

and  the  following  equation  exhibits  the  final  results  of  the  destruction  of 
carbamide-carbanilide  by  heat  [5] : 

6C"H«N«0*  =   3NIP  +  6C«H*N0  +  ff.C'N'O*. 

Carbamide-  Carbanilide.  Cyanuric  acid. 

Carbanilide. 

*'  The  substance  which  I  have  described  in  the  preceding  pages  claims 
some  interest,  as  the  first  conjugated  amide  which  was  discovered,  and 
as  the  first  member  of  a  class  of  compounds  which  has  been  enriched  in 
so  remarkable  a  manner  by  the  investigations  of  MM.  Gerbardt  and 
Lam-ent.'* — Quarterly  Journal  of  {he  Chemicdl  Society ,  1848,  ii.,  42. 

Remarks  on  the  ciove  statement. — i]  Anilo-urea  is  a  neutral  salt  and 
not  a  base ;  and  it  has  no  replaceable  hydrogen,  except  what  constitutes 
the  ammonium.    Why  should  it  have  '*  a  remnant  of  basic  properties?" 

2].  The  so-called  salts  of  ordinary  urea  are  not  normal  salts  formed  hy 
a  base  with  an  acid,  but  double  salts  containing  two  complete  sing^ 
salts.     It  is  not  necessary  that  every  urea  should  form  double  salts. 

3].  These  two  salts  are,  as  I  view  them,  not  perfectly  stmtTor,  but 
perfectly  dissimilar.  Just  double  the  atomic  weight  of  the  carbon  and 
oxygen,  and  then  examine  how  the  two  compounds  are  individuallj 
affected  by  that  simple  operation,  which,  remember,  is  not  a  special 
operation  suggested  for  this  occasion,  but  one  to  which  all  compounds 
are  made  to  submit,  when  brought  under  the  rule  of  the  radical  theory. 
The  compounds  are  then : 

NIP       ;  C'«H«N,CO. 
NH",CO ;  C'*H«N,CO. 

The  second  compound  is  No.  41]  in  the  above  Table.  The  first  com- 
pound is  No.  89J.  Surely  there  is  no  "  perfect  similarity"  here?  The 
difference  in  the  relative  quantities  of  C  and  O,  in  the  two  compounds, 
is  a  difference  which  produces  a  perfect  dissimilarity  in  the  compounds. 
No.  41]  can  be  a  double  oxamide;  No.  89]  cannot ,  because  of  the 
absence  of  the  necessary  quantity  of  CO.  No.  89]  can  be  a  cyanate, 
having  the  necessary  ingredients  in  the  necessary  preparations.  No.  41] 
cannot  be  a  cyanate,  beoiuse  of  the  unsuitableness  of  the  proportions  of 
its  constituents. 
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this  short  eqmitioQ  is  more  explicit  i 
leory.     Two  atoms  of  No.  89  produ 
rea  =  emmona  cjanate  ZH*,CyO. 
ZH'.CH';  CyOl  1ZH',(CH') 

ZHSCTH^C^O]    "    \ZB.' 

following  diagram  shows  the  final 
bus  exhibited,  these  results  suppor 
o  Dr.  Ho&naim's  opinions : 


.H.CHVCjOf        ^    „.cj.,o 

toms  of  89]  Pheaylam  cyanate,  pr 
-anate,  one  atom  of  ammonia,  and  on 
lerefore  that  the  salts  89]  and  go]  ar 
es,"  and  that  the  terms  cartiamide-cai 
i  that  are  erroneous.  The  urea  theo 
[e,  and  is  stjppobted,  though  Dr.  Hof 
ical  deportment  of  each  of  the  coropi 
when  introduced  into  an  atmosp 
once  into  a  crystalline  mixture  of 

J  +  coa  =  eiTN.Ha  +  c"w. 

bllowing  equation : 

U«d.  Produced. 

(ZH,CH';  H)l  JZH'.CH'.Cl 

Ca,C10  1    ^    l2(ZH',CH*; 

P,(?H'  ;  Cy ;  S*  =   Phenylan 

I-.CTI'.C^H'jf^jS*   =    Phenylen 

Mrison  of  the  formulx  Kos.  91]  and 
be  perceived  tliat  these  salts  eiac 
>.  91]  is  the  Eulphocyan'ide  of  phei 
mide  of  phenylem. 
inn's  name  for  No.  91]  is  Hydrosu 
ala  is  C'H'N.HCNS'  His  name 
uid  his  formula  is  C"H'N,CS.  T 
atomic  weight  of  the  carbon,  agrees 
e  odd  atom  of  carbon  in  the  last  fon 
a,  whicli  then  agrees  with  No.  92]. 
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The  compoand  No.  92]  can  be  procured  by  the  action  of  aniline  on 
bisulphide  of  carbon ;  tiius  : 

^  j  ZH,C*H» ;  H)  f  ZIP,C«H»,CH* ;  CN ;  S«  =  No.  92. 

JNo.  I.  =  |zH,C«H»;HI   =   ^  H;S 

CS*  J  I  H ;  S 

Metamorphoses  of  Dicyanomelaniline. — *'  The  products  arising 
from  the  decomposition  of  dicyanomelaniline  (No.  79)  belong  to  the 
most  remarkable  substances  which  have  been  brought  to  light  by  this 
investigation"  [1.  e.  of  aniline  and  its  derivatives],  HoftnanTi,  For  this 
reason  I  will  add  a  short  account  of  these  products : — 

oil   ir»H*  CvO  I  ~  ^'^  pbenyla  cyanate  cum 

The  formula  of  dicyanomelaniline  is  given  at  No.  79].     It  is : 

(ZH,CH» ;  Cy)*  +  HCy. 

a).  When  dicyanomelaniline  was  heated  with  hydrochloric  add,  it 
produced  a  considerable  quantity  of  chloride  of  ammonium,  and  a  new 
salt  which  Dr.  Hofinann  calls  Melanoximide  or  Oxamelanile,  and  which 
proved  on  analysis  to  have  the  following  composition  (in  Hofmann's 
numbers) :  ^^^"N^)*.  "  This  formula,"  he  says,  "  readily  explains 
the  transformation  of  dicyanomelaniline  under  the  influence  of  adds. 
One  equivalent  of  this  substance  assimilates  four  equivalents  of  water, 
while  two  equivalents  of  ammonia  combine  with  the  add. 

C-H^N'  +  4HO  4.  2HCI  =  C»H"N»0*  +  2H*NC1. 

Dicyano-  Melanoximide. 

melaniline. 

h),  '^  This  determination  leaves  no  doubt  respecting  the  composition 
of  the  new  substance,  and  this  is  moreover  supported  by  various  pheno- 
mena of  transformation  which  I  shall  describe  hereafter.  The  formula 
derived  from  analysis,  although  correctly  enumerating  the  elements 
grouped  in  the  compound,  leaves  us  quite  in  the  dark  respecting  their 
actual  arrangement,  and  consequently  of  the  position  which  has  to  be 
assigned  to  the  substance. 

c).  "A  rational  interpretation  of  the  analysis  was,  however,  greatly 
facilitated  by  the  previous  study  of  the  decomposition  of  cyanilme.  The 
conversion  of  this  substance  into  oxalates  of  aniline  and  ammonia,  or 
rather  into  compounds  derived  from  those  salts  by  elimination  of  water, 
(oxanilide  and  oxamide,)  at  once  gave  the  clue  to  the  nature  of  the  Me- 
lanoximide. It  may  be  considered  as  binoxalate  of  melanihne,  less  four 
equivalents  of  water : 


c^"N*,Hcro*  +  I 

C"H''N'0'  -  i 


ment  supports  diia  vi< 
a  or  potash  to  an  alcol 
solidifies  into  a  ays 
I  mother  liquor  cool 
Quarter^  Journal  of  ti 
erperimcDts  Dr.  Hofr 
t  exarainatioo  is  wha 
e,  and  in  the  aniline 
liline  Ust  4  sqvivaleati 
>  conclusions  to  whic 
Serent  from  these,  are 
e  first  reaction  (a)  by 

D»d. 
!H,(?H*;  CN 
:H,CH';CN 
H,    CN 

ioriciH,a 

i     IH.CI 

JH,H0 
^     tH,HO 

'e  the  whole  process  < 
noxalate  of  melaniline 
new  compOQnd ;  nor 
r  to  ims^ne  that  we  1 
e  salt  93]  appears  tc 
lyl  and  one  atom  of  h 
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salt  under  deoompoei 
s  thence,  that  the 
ents  it  I  have  shoi 
that  phenylic  radicals 
rine,  and  in  the  presen' 
that  we  are  "quite 
f  the  elements  in  t 
ike  the  grouping  of  tt 
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The  experiment  described  ia  paragraph  d)  is 
with  the  above  explanation,  and  roaj  be  i<tated  in 


(CH-.CNO 

ZH.CTl'!  CT 

Jl.        JCH'.CNO 

ZH,CH':  H 

1    H,CN 

Cmlic  1    K.HO 
pouA  (    K,HO 

K.CO- 

K.CO- 

94]- 


|((7H',CyO)'|  Bis  phenyla  cyac 
\     Ag,Cy      (      cyana. 


This  salt  is  the  silver-salt  of  the  preceding  com] 
has  merely  changed  its  basic  H  for  Ag.  D] 
confirms  ^s  formula,  but  he  is  in  great  doul 
He  says,  "  Several  of  the  amidogeii-compoundf 
amined,  such  as  campborimido  and  pbtalimide, 
weak  acids ;  they  combine,  for  example,  with  pn 
actual  nature  of  these  combinations  is  scarcely  ui 
ader  them  as  compounds  of  the  imides  with  the  c 
in  which  hydrogen  is  replaced  by  silver;  melan 
acid  ....  and  yields  a  precipitate  with  nitrate  of 
compounds  to  which  Dr.  Hofmann  alludes  are  th« 
amids  which  contfun  substituting  metals.  See 
His  analysis  leaves  no  doubt  respecting  the 
No.  94,1,  which  may  serve  as  an  example  to  ( 
whom  Uieae  compounds  are  scarcely  understood, 
sible  to  understand  them  perfectly,  if  they  wi 
examine  the  facts  which  prove  their  existence  and 
95].  CH',CyO  =  Phenyla  cys 

This  compound  was  produced  by  the  action  of 
No.  93],  its  relation  to  which  is  obvious  at  a 
calls  it  Anilocyakic  Acid.  His  formula  is  C"U 
that  when  this  compound  is  treated  with  anil! 
(a),  and  that  when  it  is  heated  with  ammoni 
carbarn  ide-carbanilide  (6).  These  transformatioi 
sented  by  the  new  formulie,  thus : 

.     INo.  95]     =          (TH'.CSO  )        ZH\(0 
">■  tNo.  ij       =  ZH,CH*;H    f  =  ^ 

K\  JNo.  95]  =  CH'jCyO)  ZH',CI 
"J-  t Ammonia  =  ZH-        ;H     |  =  ^~^^^ 

-^    JH,CirO  +  CH',CyO  =Hydrametbyla 
9°J-  t=H,CIP.C?H»;  CyO*  =  Hydra  methyl* 


AKILOCYANIC   ACID, 


n    JH,C?HK)+CH*;CyO  =Hydraeth7lab 
5/J-  \  =  H,CTI»,CH' ;  CyO"  =  Hyiira  ethyla  ] 


9«]-     = 


iH,C»H"0+CTI',CvO  =  Hydra  amylat- 
t  =  H,(?H",eH';  CyO*  -  Hydra  smyla  ] 


"  Anilocyanic  acid  dissolves  in  the  alcohols  wil 

of  heat,  clear  liquids  being  fonoed,  which,  af)«F 

magnificent  cryatab.     I  have  convinced  myself  I 

nary  alcohols  absorb  one  equivalent  of  anilocyanii 

produclJoD  of  the  following  series  of  compounds 

Methyl^mpound  CH*  NO*  =  C  H*  ( 

Ethyl-compound     C"'H"NO*  =  eH'( 

Amyl-compoond     C^^NO*  =  CH't 

— Ho&nSDn,  QuorteWy  Journal  of  the  Chtmical 

immediately  afterwards  guggeste  that  these  coni[ 

tates  or  anthranilates,  snch  as  C*H',C'^H'NO*  = 

late  of  ethyl. 

These  ^ts  are  formed,  eiperiment«lly,  by  th 
the  salt  Cff.C^O  with  the  salts  H.CTJ'O,  H 
precisdy  in  the  same  manner  as  we  produce  S 
combioiog  a  monobasic  phosphate  with  similar 
water.  I  see  no  reason  for  doubting  that  these  sal 
any  more  than  I  do  for  doubting  whether  there 
terbasic  phosphates. 

Reactioss  of  Aniloctanic  Acid,  or  Phkttl 
The  following  reactions,  (a)  to  (/),  of  the  eoi 
No,  95]  -  CH';  CyO,  are  given  by  Dr.  Ho 
prove  that  the  compound  is  an  Acid  (Anilo-c} 
cyamc  add.  Quarterly  Journal  of  the  Chemical 
tbey  seem  to  prove  only  the  presence  of  eyanate  0 
H"  of  hydrated  cyanic  acid  haa  been  replaced  by  I 

caustic  poiaahj^'jj^  J  "  JKK.CO" 

The  cyanogen  is  decomposed;  its  (»rbon  tal< 
o^gen,  and  forms  carbonate  of  potash ;  its  nitrc^ 
hydrt^en,  and  forms  aniline  or  phenylac  hydm,  '. 
caostic  potash  are  necessary  to  supply  the  quantii 
to  complete  the  carbonate,  and  of  H  to  complete 

i).  CW'.CNO)        l,„„ 

Hydmchloric  .dd  H,  CI     1  ■  ^  "*  '^ ' 
Water    ...    H,  HO  J        I 


p'-s'  ■ .  ^ 


,,^-B,, 


'•/.w 
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In  the  presence  of  water  and  of  the  strong  native  radical,  CI,  first  of 
all  phenylam  is  formed,  and  then  phenylam  chlora,  No.  12],  commonlj 
called  Hydrochlorate  of  aniline ;  while  the  carbon  carries  on  the  oxygen 
in  the  state  of  carbonic  acid. 


c). 


CH» ;  CNO)        f ZH,CTP ;  SO  1  No  ,81 
«  ,  ,     .       . .  (H,SOO    \  =\  H  ;  SO»f  "*^  '"■'• 

Sulphuric  acid  jjjgQQ    J       |  '  ^o.' 


In  the  presence  of  strong  sulphuric  acid,  the  cyanogen  is  decomposed, 
carbonic  acid  is  set  free,  and  the  azote  forms  phenylac  and  then  sul- 
phanilic  acid,  No.  28]  =  ZH,CrH»;  SO  +  HSO«, 'or  H;  ZH,CTI*; 
S*0*. 

dj.  CTI* ;  CNO)        f  ZH«,(CrH*)« ;  CNO  =  No.  90]. 

C'H^CNOV  =  <  C0« 


[:«H»;CNOy  =  { 
H  ;  HO  J         I 


In  the  presence  of  water,  the  cyanogen  is  decomposed,  slowly  at  mean 
temperature,  rapidly  if  heated ;  carbonic  acid  is  given  off,  and  the  azote 
produces  phenylem  cyanate,  No.  90],  commonly  called  Carbanilide, 

t.  I]     =  ZH,S5*;  r""}  =  ZH».(C^')V  CNO  ==  No.  90]. 

When  No.  95]  is  treated  with  aniline,  No.  l],  it  produces  carbanilide 
(phenylem  cyanate).  No.  90]. 

■^)-  ?H»-  H^^  )=  ZH»,CB*;  CNO  =  No.  89]. 

When  No.  95]  is  treated  with  ammonia  =  ZIPH,  it  produces  ca^ 
bamide-carbanilide  (phenylam  cyanate).  No.  89]. 

These  experiments  do  not  prove  that  the  compound  C*H^CyO 
is  an  acid;  but  what  they  do  prove  is,  tliat  nitrogen  acts  up  to  the 
character  that  I  have  assigned  to  it  as  a  constructor  of  radicals.  When 
it  is  in  the  presence  of  carbon,  and  without  the  materials  necessaiy  to 
constitute  an  amid  or  an  ammon,  it  forms  cyanogen  ;  but  so  soon  as  , 
materials  are  placed  within  its  reach,  wherewith  it  can  make  a  salt  of  an  i 
amid  or  an  ammon,  it  immediately  forms  such  a  salt,  and  leaves  the 
carbon  to  its  destiny,  which  appears  to  be  that  of  occupying  and  removing 
the  oxygen.  What  the  precise  result  is,  in  each  case,  depends  partly 
upon  the  nature  of  the  materials  that  are  employed,  partly  upon  their 
relative  quantities,  and  the  manner  of  putting  them  together.  In  cases 
a  and  c  the  materials  produce  phenylac ;  in  cases  b  and  /  they  produce 
phenylam  ;  in  cases  d  and  e  they  produce  phenylem.  In  the  presence  of 
potassium  the  carbonic  acid  remains  in  the  state  of  carbonate  of  potash. 
In  the  absence  of  positive  radicals  it  flies  off  as  gas. 

On  the  su))jcct  of  the  transmigration  of  azote  from  amids  and  amnions 


UELAHOSUIIDE. 

into  cyanogen,  and  thence  beck  again  into  amiils  and 
will  find  some  addilJonal  perticulais  in  the  Articli 

At  a  lata  period  (January,  1656,)  Dr.  Ho&nao 
cvanic  acid  the  fbimda  C"H*NO .  Procetdrngt  oj 
viiL  13.  Bnt  his  analyses  give  CK'NO*  (Novem 
terl!/  Journal  0/  the  Chemical  Society  (1850),  ii.  31*1 

99]-  {(ZH,CTI';  Cy)'  H  ^^'^'^J''^ '^i'^"' ^ 
When  melanoxlinide  is  distilled,  the  compounds  pn 
oside  gaa,  anilocyanic  acid,  and  a  residue  having  the  foil 
CTI'N^O*  (Hofinann's  numbers)  =  C-H"N'0'  = 
composition  may  be  accounted  for  as  follows : 


}  atoms  of  No,  93, 

(TH'.CjO  1        f       CTI'.CyOl  a  atoms- 

CH'.CyO  I        I       CTH'.CyOf  of  95]. 

CTJ'.C^O  [  _  ]       CH'.CyO 

CTi'.CvO  +  HCy(   "  izH,CH»,Cy    I    i  atom 

CH'.CyO  +  HCy  IzH.CH'.Cy    (  of  99]. 

CH'.CyO  +<  HCyJ       UH,CH*,Cy  ) 

When  water  is  present,  additional  reactions  take  p 

the  phenomena.     Thus: 

CH'.CyO)         f  ZH',(CH')'  ■,0.0  =  ^ 

CH^CyO{.  =  i  Cb-wf/, 

H,  HO  J         t 

Every  atom  of  water  decomposes  two  atoms  of  No.  < 

their  materials  produce  one  atom  of  carbaailide.  No. 

CyO,  and  one  atom  of  carbonic  acid,  CC. 

In  reviewing  Pr.  Hofmaim's  account  of  the  com] 
have  restricted  ray  remarks  to  the  individual  sub 
examples,  and  I  have  not  entered  upon  the  general  s 
the  aniline  bases  are  most  consistent  with  Berzelius' 
contain  ammonia  =  NH',  or  with  Liebig's,  that  Uie> 
gen  =  NH',  &c  On  these  points  Dr.  Hofmann  does 
satisfied  his  own  judgment,  and  his  wavering  argum 
nothing.  Id  1844  he  quotas  aniline  with  the  fo] 
1848  he  is  favourable  to  Berzelius's  theory,  and  anil 
In  1650,  forther  researches  make  him  incline  to  Liebij 

HI 
is  quoted  as       H  V  N,     In  1856,  aniline  becomes  a 


r*B' 
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1844,  C**IFN.  In  most  cases  these  formulffi  are  given  doubtingly,  as  if 
the  arguments  that  are  urged  to  support  them  had  not  appeared  oonda- 
sive  to  their  author. 

As  the  theory  of  azotic  radicals  which  I  have  advanced  in  this  Essay 
is  of  wider  application  than  any  of  the  theories  that  have  been  advocated 
by  Dr.  Hofmann,  and  as  the  aniline  salts,  if  my  views  are  correct,  must 
fall  in  with  all  other  salts  of  azotic  radicals,  I  leave  it  to  the  reader  to 
form  his  own  opinion  respecting  them,  when  I  have  placed  before  him 
the  azotic  theory  in  a  more  complete  state. 


The  Platinum  Bases. 

It  is  impossible  to  examine  the  salts  of  platinum,  and  their  distin- 
guishing names  and  formulae,  without  being  driven  to  the  conclusion 
that,  on  these  matters,  chemists  are  in  a  muddle. 

Of  course,  the  muddle  is  unnecessary,  and  might  be  removed.  It  does 
not  depend  upon  difficulties  inherent  in  the  salts ;  for  they  are  simple 
and  regular,  and  their  transmutations  are  characteristic  and  intelligible. 
The  muddle  is  purely  theoretical.  It  is  the  produce  of  the  clumsy  con- 
trivances by  which,  from  time  to  time,  the  salts  of  platinum  have  been 
EXPLAINED.  If  we  could  get  rid  of  these  explanations,  we  should  get 
rid  of  the  muddle,  since  the  salts  themselves  are  orderly ;  but,  unhappily, 
chemists  cherish  two  favourite  dogmas,  the  retention  of  which  perpetuates 
the  muddle. 

These  are  the  dogmas : — 

1.  **  There  is  only  one  chemical  equivdlent  of  platinunu" 

2.  "  The  salts  of  platinum  are  composed  of  acids  and  bases,^' 

Remarks  on  the  fibjst  of  these  Dogmas. 

M.  Gerhardt,  some  years  ago,  showed  chemists  the  propriety — nay, 
the  necessity,  of  admitting  the  existence  of  two  chemical  equivalents  of 
platinum,  and  he  proved  to  them  that  this  would  diminish  the  muddle 
amcng  its  salts.  Some  ridiculed  this  notion,  and  some  said  it  was  *'  a 
very  ingenious  theory ;"  but  I  believe  that  no  one,  excepting  Laurent, 
admitted  its  truth.     They  preferred  the  muddle. 

Now  I  cannot  understand  why  chemists  persist  in  playing  the  part  of 
Sphinx,  and  puzzling  the  world  with  philosophical  riddles  that  require 
an  CEdipus  to  solve  them,  when  a  plain,  simple,  and  use^  coarse  is 
proposed  for  their  adoption.  I  cannot  perceive  what  principle  of  reason 
guides  their  judgment  in  this  niatter.  They  will  not  admit  the  existence 
of  a  ''  second  equivalent "  of  platinum,  and  they  fJoiU  admit  the  exist- 
ence of  a  score  of  '*  platinum  bases  **  of  the  most  monstrous  and  extra- 
vagant proportions  and  composition.    And  thus  they  encourage  muddle. 
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I  Iiftve  collected  for  this  section  about  a  hnndred  of  thi 
of  platinum.  I  have  arranged  them  in  four  classes,  and  j 
fbrmolaa  which  they  ought  to  have  in  accordance  witb  the 
I  have  added  to  each  salt  its  ordinary  fbrmnlte,  its  diScu 
able  names,  and  such  other  information  as  is  necessary 
and  to  contrast  the  existing  system  with  that  which  is 
replace  it 

I  admit  the  existence  of  tno  chemical  equivalents  of 
heavy  atom  which  has  the  atomic  weight  of  99,  and  a  ligl 
that  weigiit  The  first  is  to  be  called  the  jAabnu  atom, . 
the  jiJtritc  atom. 

These  two  chemical  atoms  produce  two  distinct  classes 
those  which  are  commonly  called  salts  of  the  protoxide,  i 
peroxide  of  platinum.  An  inspection  of  the  fbrmulie  whii 
in  the  following  Table,  Nob.  i]  to  33]  will  convince  1 
judgment  is  unperverted  by  the  "  idols  of  the  schools,"  t 
tion  of  the  salts  Nog.  t]  to  15]  from  tbose  of  Nos.  16] 
pretence  that  the  fbimer  are  salts  of  the  protoxide,  and  th 
the  peroxide  of  platinum,  is  an  unqualified  absurdity.  Ox 
teas  in  the  matter.  The  renl  dl^rence  in  the  two  clai 
obvionaly  in  the  platinum  and  onlt  in  tlie  plaiiman ; 
question  for  investigation  is.  What  is  the  natube  of  that 

The  nature  of  that  difference  is,  that  the  platous  sal 
heavy  atom  of  pktinum,  and  the  platic  salts  contain  the  I 
other  elements  of  the  salts  remaining  the  same. 

The  difference  that  exists  tietween  the  platous  and  jJa 
also  between  the  salts  of  platousam  and  platicam.  Bj 
mean  an  ammonium  which  contains  one  platous  atom ;  fc 
ammonium  that  contains  one  platic  atom.  These  amm 
positive  radicals,  and  each  of  them  produces  a  variety  of 
salts  are  given  in  the  following  Table,  where  Nos.  34]  to  ( 
platousam,  andNos.  70]  to  lOo]  are  sall^of  platicam.  Th 
extended  sets  of  salts,  the  characteristic  of  the  first  set  is  I 
the  platous  atom,  and  of  the  last  set  the  presence  of  the  p 

It  is  completely  in  the  power  of  the  chemist  to  prod 
either  the  platous  or  the  platic  atom.  The  certainty  of 
ence  of  platinum  is  not  greater  than  the  certainty  diat  tl 
it  in  his  power  to  produce  at  will  either  platous  salts  ■ 
other  salts  of  platousam  or  salts  of  platicam.  And  to  dc 
produce  eit})er  the  platous  or  the  platjc  atom.  The  ibl 
&cts  which  guide  him : 

I.  When  platinum  is  acted  on  by  a  negative  radical,  i 
of  an  excess  of  positive  radicals,  the  platous  atom  is  produ 

3.  When  platinum  is  acted  on  by  a  negative  radical,  i 
of  ao  excess  of  negative  radicals,  the  platic  atom  is  produt 
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The  salts  that  are  described  in  the  following  Tables,  are  produced  bv 
processes  that  are  in  perfect  accordance  with  these  facts.  The  salts  of 
platousam  are  all  produced  by  the  action  of  positive  radicals  in  excess ; 
and  it  is  only  in  this  class  that  we  meet  with  those  combinations  of 
neutral  salts  with  ammonia,  which  in  Gerhardt's  language  are  called  salts 
of  diplatosamine ;  while  on  the  other  hand,  we  perceive  in  the  salts  of 
platicam  a  total  absence  of  an  excess  of  ammonia,  and  in  their  formaticHi 
the  constant  recurrence  of  the  splitting  up  of  platous  into  platic  atoms  bj 
the  energetic  action  of  negative  radicals  presented  to  the  platinum  in 
excess.  It  is  scarcely  possible  to  conceive  the  existence  of  evidence  of  a 
circumstantial  character  more  conclusive  than  is  presented  by  the  salts 
that  are  described  in  these  Tables  in  support  of  the  principle  which  I  am 
advocating,  that  platinum  has  two  different  chemical  atoms,  that  either 
of  them  is  producible,  or  convertible  into  the  other,  at  the  will  of  the 
chemist,  and  that  to  the  diversity  of  their  reactions  all  the  salts  of  pla- 
tinum owe  their  peculiar  characteristics. 

What  I  have  stated  respecting  the  mutability  of  the  chemical  atom  of 
platinum  is  strictly  in  accordance  with  what  I  have  stated  in  another 
section — see  page  34 — respecting  the  mutability  of  the  chemical  atom  of 
iron.  I  have  shown  there,  that  imder  the  action  of  an  excess  of  positive 
radicals,  the  ferrous  atom  is  foimed,  and  that,  under  the  pressure  of  an 
excess  of  negative  radicals,  the  ferric  atom  is  produced.  This  kind  of 
reaction  is  no  doubt  common,  in  a  greater  or  lesser  degree,  to  all 
elements  which  are  endowed  with  the  property  of  producing  two  dif- 
ferent radicals.  The  natural  tendency  of  matter  to  come  to  aca 
equiUbrium  occasions  these  peculiar  chemical  elements  to  form  their 
larger  or  their«  smaller  radical  according  as  the  circumstances  in  which 
they  are  placed  demand  the  one  or  the  other.  The  power  to  control  the 
elements,  and  make  them  produce  the  basylous  or  basylic  atoms  as  he 
requires  them,  depends  entirely  on  the  chemist's  ability  to  arrange  the 
circumstances  in  which  the  elements  are  to  be  made  to  act  This  was 
the  secret  of  the  ^*  wonderful  lamp."  When  Aladdin  rubbed  the  lamp,  the 
genius  appeared  to  do  his  bidding.  When  the  chemist  desires  to  pn>- 
duce  a  particular  chemical  atom,  he  arranges  the  proper  circumstances* 
and  nature  does  his  bidding. 

By  admitting  the  mutability  of  elementary  chemical  radicals  to  be  the 
result  of  a  natural  law  which  is  in  continual  operation,  we  are  enabled  to 
account,  in  a  simple  and  easy  manner,  for  a  great  variety  of  complex 
chemical  phenomena,  which  are  otherwise  perfectly  unaccountaUe. 
Under  these  circumstances,  it  is  extraordinary  that  chemists  persist  in 
rejecting  evidence  which  is  clear  and  abundant,  for  no  better  reason  than 
that  Dalton,  fifty  yeara  ago,  defined  a  chemical  equivalent  to  be  one  m- 
divisibie  atom.  Why  are  we  to  be  boimd  by  a  definition  which  never 
rested  on  evidence  stronger  than  a  surmise,  when  that  definition  is  con- 
tradicted by  the  &cts  accumulated  by  fif);y  years  of  analytical  research  ? 
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W«  have  to  this  day  no  evidence  of  the  existen 
We  have  abundant  evidaice  of  the  power  po 
twenty  elements  to  produce  two  different  chemic 
having  the  power  of  a  radical,  and  each  being  abl 
salts  ditfering  in  quality  from  the  salts  prodnc€ 
Bat  fashions  in  chemistry  are  not  always  regi 
evidence.  Dalton's  theory  is  become  an  "  ido 
sacrifices  are  made  to  it. 

Rehakks  on  the  second  Do 
*'  ITu  salts  ofplatinvm  art  composed  of  acids  i 
The  reader  is  requested  to  look  over  the  formu 
synonymes  in  the  following  Table  of  99  salts  of  j 
that  ev^  salt  is  composed  of  an  add  and  a  ba: 
its  votaries  to  the  adoption  of  some  extraordinary 
to  that  doctrine,  a  normid  nitrate  is  composed 
MO  is  the  Isase,  and  NO"  is  the  acid.  But  here  ii 
nitrate.  No.  85]  :  4NH',PiraO',aNO*.  That  d 
countenance  binitratos,  but  here  it  admits  the  1 
That  doctrine  declares  it  to  be  a  IVuidamental  lav 
number  of  atoms  of  anhydrous  acid  must  be  t 
atoms  of  oxygen  in  the  base.  Yet  here  we  Iiav< 
in  the  base,  and  only  two  atoms  of  anhydrous  : 
into  equilibrium.  Then,  what  a  base  it  is!  Wh 
Four  atoms  of  nitrwen,  heeloe  atoms  of  hydrogen, 
and  one  atoca  of  chlorine  arc  all  conglomerated  . 
that  clump  is  oijdised  into  a  base  by  Jive  atoms  c 
hose  is  then  combined  directly  with  two  atoms  c 
to  form  a  nitrate.  This  Is  gravely  recorded  as  n 
losophetB  who  are  too  squeamish  to  admit  the  f 
can  produce  two  different  chemical  atoms.  In  ' 
difficulty,  and  to  do  reverence  to  the  Daltonian  ' 
which,  as  formula  B5I  shows,  contains  four  con 
foor  acid  radicals,  and  which  therefore  is  a  qui 
settiDg  aside  as  the  "  acid,"  the  clunp  "  aNO*," 
ingredienta  into  the  "  base,"  thus  making  a  salt 
eveiy  one  of  which  is  in  violation  of  the  laws  thai 
which  they  pretend  lo  support  I  ask  any  indef 
this  is  not  "muddle?"  whether  it  is  not  a  t 
ability  to  swallow  a  camel  and  strain  at  a  gnat? 
Here  is  another  admirable  example  of  tlieoretii 

iptal  ^VNa 
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I  regard  it,  is  formed  od  the  model 
nmoDium,  in  which  one  atom  of  by' 
c  atom,  and  which  requires  on  the 
ch  I  have  given  to  it  in  No.  70], 
formula  is  very  ^mple,  and  it  conb 
therefore  doubly  objectionable  to 
The  orthodox  view  of  the  salt  is  1 
inium.  This  ammonium  has  one  o 
another  ammonium.  This  other  ai 
dt(^pn  replaced  by  the  protochlorit 
le  compound : 

PtClJ^"'  5-Na" 


p|}n} 


'  our  orthodox  chemists  dissent  fro 
it  admit  the  truth  of  this  theory  c 
[nailer  is  made  to  include  the  greab 
s  in  that  form,  they  put  them  sic 
— Pt?Cl'0'H"N'  +  0*,  and  they  cal 
3  base."  The  particular  nature  of 
OS  clear  to  us.  Whether  the  eleme 
iping,  or  whether  they  stand  side 
ieriea  of  chemical  nullities  waiting 
to  unit^  action,  we  are  not  infonne 
a  processes,  chemists  manu&ctun 
r)nch  I  will  try  to  quote  a  few  ei 
satis&ctorily,  but  it  is  so  difficult 
Fa"  platinum  base,"  that  in  extract 
lie  to  take  away  a  few  atoms  too 
ight  to  be  taken.  In  the  estimi 
iwever,  if  we  may  judge  from  the  I 
or  less  in  a  platinum  base  seems  tc 
Qrtance: 


s'sbase    .    .     . 
set's  first  base     . 

PtaHif  +  o 

PtH"N»     +  0 

wt's  second  base . 

PtlPN      +0 

wsky's  first  base 
wsky's  second  base 

Pt-Cl  0'H'*N*  - 
Pf  CrO'H"N* . 

Grimm'i  Koti 

barrtt's  Platosamfn 

.     .     NlPPt 

THE  PLATDnm  BASES. 

7.  Gerhardt's  Diplatosamine.     ,     N*IPFt  = 

8.  Gerhardt's  Platinamine     .     .      NHpt*  = 

9.  Gerhardt's  Diplatinamine      .     NTI'pt^  = 


1^} 


The  nest  six  are  given  by  Grimm  on  the  anthority  of  K. 
10.  Platammonium  =  j  in  1 


II,  Ammon-Platanimonium  =  J  Pt  J 


13.  OxyplatammonLum 


(H*N) 
I  J.  Ammon-OiYplatammonium  =  ^PtOi 

|h-) 

14.  CUorplatanmonium  -  |^| 


15.  Ammon-Chlorplatammoniuin 


(H-m 


AH  these  bases,  and  as  many  more  as  can  be  produced 
variations  in  tie  methods  of  writing  the  formulte,  thi 
chemistry  is  led  to  believe  to  be  necessaiy  tor  the  explanatic 
of  platinuni. 

Id  the  Renowned  History  of  the  Seven  Champions  of  G. 
is  recorded  that  the  Necromancers  of  the  middle  ages — 1 
ortbodos  chemists  of  that  period — were  in  the  practice 
unsafe  positions  by  Fortifications  and  Giants  and  Dragon 
aspect  and  ngly  names,  aU  txnstructed  0/  MiST.  It  seemi 
the  Ptatinum  Bases  have  been  made  of  the  same  material  bj 
<rf  those  Necroraancers  in  order  to  protect  the  rickety  theorj 
bases  whkb  they  delight  to  honour. 

These  "  bases  "  are,  actually,  mere  mist — castles  built  in 
no  solid  foUDiIations.  If  yon  tonch  them  with  the  inflexib 
Radical  Theory,  it  smashes  them,  and  they  vanish.     The  I 
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raioation,  and  d 
are  the  following 
isam  =  ZlPPt, « 
fisrmulate  the  ei 
acting  the  part 
a  pretty  dance  ii 
nthodox  chemisl 
hetber  "  adds" 
Dg ;  and  whetba 
IS  contempt  all 
use  the  proposer 
•ii  were  the  prog 
generation. 


Uts  of  Flati 

•a  OF  THE  PLA-1 

I  heavy  chemica 

% 

ght  chemical  atoi 

m  ammonium  in 
)  platona  atom. 
Hiium  in  which  c 
om.     Symbol,  Z 
roduce  four  disti) 


l-KOy, 


Pli 
Pli 
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12.  (ZH*,Pt,Cy')' +  ZH-Cy     Peotak 

13.  Pt,Cy,S* Platooi 

14.  K,Pt,Cy',S'    ....     Potaas) 

pho 

1 5.  Ag,Pt,Cf  ,*S* ....    Ai^i 

pho 

tJsUAl.  NaUES  ASD  FOTtMUhJE  OF  Tl 

Jn  tluse  Fornuda,  0  =  8. 
I ,  Protoxide  of  platinum ;  platioous  oxide 
of  platinum ;  platinous  sulphide  =  PiS.  j, 
platinons  chloride ;  chloroplatinous  add  =  F 
ammonium  =  NH*a,PtCI,  Ptyrone.  (This 
of  salts.  In  one  of  them,  the  chloroplatinite 
some  other  mela).  Id  the  other  two  series,  t 
placed  by  Bi'or  P,  giving  rise  to  the  bromop] 
j,  Snlphite  of  plstinous  oxide  and  ammonia 

6,  Proloiodide  of  platinum ;  platinous  iodide ; 

7,  Protocyanide  of  platinum;  platinons  cyl 
platinocj-anic  acid  =  HCy.PtCy.      9,   Plat 

=  NH'Cy.PtCy.  10,  Platinocyanide  of 
Nombers  9  and  10  are  models  of  a  large  claa: 
in  having,  in  the  place  of  ZH*  and  K,  one  of 
Cue,  Hgc,  Ag.     II,  Platino-platinidcyaiiide 

=  KCy,5KPtCy'.  12,  Platino-platinidc 
(NH')Tt>Cy"  =  NH'Cy,5(NH*PtCy').  T 
on  the  model  of  Nos.  1 1  and  1 2,  in  wtuch  Z. 
Ca,  Mg,  Pb,  Fe,  &c.  13,  Sulphocyanide  of 
Plalino-bisulphocyanide  of  potassinm  =  E 

15,  Platino-bisulphocyanide  of  ^vcr  =  AgP 

Nos.  I  to  13  are  given  on  the  authority 
Chemistry.     Nos.  1 3  to  1 5  are  on  the  aathoi 
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Class  II. — Platic  Salts. 

1 6.  PtCjPtcO .     .     .     ,  Platic  platicate. 

17.  Ptc,HO    .     .     .     .  Platic  hydrate, 

18.  PtcS Platic  sulpha. 

19.  PtcG Platic  chlora. 

20.  KCl      4.  2PtcCl    .  Potassa  chlora  bis  platic  chlora. 

21.  NaCl    +  2PtcCl     .  Natra  chlora  bis  platic  chlora. 

22.  ZH*C1  +  2PtcCl    .  Ammona  chlora  bis  platic  chbra. 

23.  Ptcl Platic  ioda. 

24.  ZH*I    +  ^Ptcl      .  Ammona  ioda  tetrakis  platic  ioda.        ' 

25.  HjPtc";  P     .     .     .  Hydra  platenic  iodine. 

26.  PtjPtc" ;  P    .     .     .  Platous  platenic  iodme. 

27.  PtcSO'     ....  Platic  sulphete. 

28.  KCl      +  2PtcCy    .  Potassa  chlora  bis  platic  cyana. 

29.  ZH*C1  +  2PtcCy    .  Ammona  chlora  bis  platic  cyana. 

30.  ZH*,  Ptc*,Cy*     .     .  Ammona  platenic  cyanine. 

31.  K,Ptc*,C3r*     .     .     .  Potassa  platenic  cyanine. 

32.  ZH*,Ptc*,Cy",S*  .     .  Ammona  platenic  cyanine  sulphade. 

33.  K,Ptc*,Cy*,S^      .     .  Potassa  platenic  cyanine  sulphade. 

Usual  Names  and  Formulje  of  the  Platic  Salts. 

In  these  formulae  0  =  8,  Pt  =  99. 

16,  Platinic  oxide;  bioxide  of  platinum  =  PtO*.  17,  Hydrate  of 
platinic  oxide;  platinic  hydrate  =  PtO*,2HO.  18,  Bisulphide  of  pla- 
tinum ;  platinic  sulphide  =  PtS*.  19,  Bichloride  of  platinum ;  platinic 
chloride ;  chloroplatinic  acid  =  PtCl'.  20,  Chloroplatinate  of  potassium 
=  KCl,PtCl«.  2 1 ,  Chloroplatinate  of  sodium  =  NaCl,PtCl'.  22,  Chloio. 
platinate  of  ammonium  =  NH*Cl,PtCl*.  There  are  other  salts  on  the 
model  of  Nos.  20  to  22.  The  salts  that  are  called  chloroplatinites  are 
formed  on  the  model  of  No.  ^  23,  Biniodide  of  platinum ;  platinic 
iodide ;  iodoplatinic  acid  =  PtI .  24,  lodoplatinate  of  ammonium  = 
NH*I,2PtP.  (Instead  of  the  name  and  formula  which  I  have  given  in 
the  Table,  we  could  also  write  ZH*,Ptc*,P  =  Ammona  platonic  iodone). 
25,  Hydriodate  of  platinic  iodide  =  PtP,HL  26,  Sesqui-iodide  of  pla- 
tinum =  Pt?P.  (This  seems  to  be  a  salt  precisely  corresponding  to 
No.  25.  There  are  equivalent  salts  with  K,Na,  &c.,  instead  of  Pt;  and 
a  corresponding  series  with  Br  instead  of  I).  27,  Sulphate  of  platinic 
oxide ;  platinic  sulphate  =  PtO*,2SO'.  Two  atoms  of  sulphuric  add 
are  required,  because  two  atoms  of  oxygen  are  assumed  to  be  present  in 
the  base  in  combination  with  only  one  atom  of  metal ;  so  that  eight 
atoms  of  oxygen  are  demanded  by  the  current  theory,  while  two  atoms 


! 
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snffice  on  the  radical  theory,  28,  Bicj-anide  of] 
of  potassium  =  KCl.PtCy*.  ag,  Bicvanide  of  pla 
animonium  =  NH*C!,PtCy'.  30,  Platanidcyani 
NH*Cy,  PtCy*.  ji,  Platinidcyanide  of  potas 
}1,  Platino-tersalphocyanide  of  ammonium  ■  NH 
tinotersnlphocyaaide  of  potassium  =  KPtCN*S' 
33  and  3^  are  modeb  of  a  series  of  salts  in  wl 
jJaced  by  Fe,  Hg,  Ag,  Pb,  and  H.  See  Buckl 
of  the  Chemioai  Society,  vii.  32.  The  names  and 
to  31  are  taken  from  Gmdin's  Han^xiok  ofChemi 


Class  in. — Salts  of  Platousam 

34.  ZHTt;  Cl Platousam  t 

35.  ZHTt;  Cl  +  ZH'3  .     .  Piatonsamc 

36.  ZHTt;  Br Platousam  I 

37.  ZHTtjBr  +  ZH',H  .     .  Platousam  fc 

38.  ZlPPt;  I Platousam  i 

39.  ZH'PtjI    +  ZIP.H   .     .  Platousam  i 

40.  ZIPPtjHO  .....  Platousam: 

41.  ZHTt;  ZHTtO      .     .     .  Platousam  ] 
43.  ZH';  ZH'PtO     ....  Ammonapl 

43.  ZH'PtiSO" Plalonsanij 

44.  ZHTt ;  SO"  +  ZH'.H      .     Platousam 

hydra. 
4;,    ZHTt;  NO" Platousam  I 

46.  ZH"Pt;  N0"4- ZH»,H      .     Platousam 

hydra. 

47.  ZH*;  ZH»Pt;C0'  .     .     .     Ammonap] 

-  jZH*;ZH"Pt;C0'   .      .     .)   Ammona   r 
4''-^ZH';  ZHTtO     ...     .1      animonai 

49.  ZffPt;  Cy Platousam  ( 

50.  ZHTt^Cy  +  AgCy         =      Platousam 

51.  ZHTt,Cy  +  ZnCy        .-     Platousam  1 

53.  ZH»Pt,Oy  +  CoCy         =     Platousam 

cyana. 
5j.    ZHTtjCy  +  Ni  Cy         =     Platousam 
cyana. 

54.  ZHTt ;  Cy ;  S*  .     .     .     .     Platousam  1 

55.  ZH';  ZH'Pt;  S*0»*     .     .     Ammonap 

-  jZH*;      ZIPPt;  S"©"   .     .1  Amraona 
5°tZHTt;ZH'Pt;S'0'    .     -f      phenite. 


SALTS  OF   PLATOCSAU. 

IH'-ZH'     -  SKy  "J  Animonineplatousambisulphenhe, 

platousam  sulpbenite 
chlora  dein  i-aquate. 
;H' ;  ZHTt ;  S*0*  li  Af,  -Ammotia  platousain  sulpbeaite 
;H'Pt;Cl  j"*"     ^'      cum  platousani  chlora  aquate. 

;H*Pt;  CI  4.  ZirCuc  ;  a     Platonsam    chlota  cum  cnpricam 

cblora. 
;H7t;a  +  ZITE^;  CI     PUlousam    chlora   cum    mericam 

chlora. 
;HTt;  a  +  ZiPPb  ;  CI     PUtousam  chlora  cum   plnml«iii 

JPPt;  CI  +  ZH*Zn    ;  CI     Platousam     chlora    com    zincam 

chlora. 
;H(Cir)'Pt;CI +  2^3    Platous  -  methylem     chlora    cum 

am  Ida  hydra. 
;H(C^*)'Pt;  CI  +  ZIP,H    Platous^thylan  chlora  cum  amida 

hydra. 
;H(CTI')*Pt;  01 +ZH',H    Platous  -  pheoylem     chlora    euro 

amida  hydra. 
;H*,CH',  Pt;Cl     .     .     .     Platoua-phenylam  chlora. 
iH-.C^';  CI  +  PtCl     =     Phenylam     chlora    cum     platous 

chlora. 


.L  N-IUES  AND  FORHOLf  OF  THE  SaLTS  OF  PLATOUSAX. 

34].  ZHTt;  a  =  Platonsam  chlora. 
mitla  represents  a  compound  which  contains  the  fbllowiDg  pro- 
of the  respective  elements : 

Nitrogen.     .     .     .     i  atom    =14 

Hydrogen     ...     3  atoms  =     3 

Pktuium       ...     I  atom    =   99 

Chlorine  ....     I  atom    =    3J'5 

are  several  ways  of  preparing  a  coni|>oimd  of  this  compoaition, 
compounds  thuii  prepared,  though  similar  in  tlieir  ultimate  coin- 
have  different  properties,  and  give  rise  to  the  notion  that  thcv 
tlieir  proximate  constitution.     Three  varieties  may  be  q)ecislly 

k»  Green  Suit  of  Magnus  is  prepared  thus :  A  solution  of  i>roti>- 
of  platinum  (3]  Platous  chlora)  ilf  hydrochloric  acid  is  aup^- 
.  with  ammonia.  The  platous  atom  undergoes  no  change,  and 
itity  of  clilOTine  remains  the  same,  but  they  combine  with 
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ammonia,  and  the  question  is,  in  what  manner  are  the  four  atoms, 
Z  •+-  H',  connected  with  the  two  atoms  Pt  +  ^1*  ^  formula  34]  it  is 
assumed  tliat  Z  +  H'  +  Pt  have  produced  the  vice-ammon  ptatousamj 
and  that  this  is  combined  directly  with  the  chlorine.  But  the  facts 
admit  of  various  other  explanations.  Thus,  we  may  assume  that  the 
platous  chlora  =  PtCi  combines  directly  witli  the  ammonia — salt  to 
salt — and  produces  the  double  salt  =  PtCl  -f  ZH*,H ;  and,  since  many 
salts  of  platousam  passess  this  property  of  combining  with  ZH*,H  (see 
Nos.  35,  37,  59,  44,  46),  it  is  not  unreasonable  to  suppose  that  the 
same  power  of  combination  may  also  exist  in  the  platous  salts. 

Another  explanation  is,  that  the  combination  may  be  of  the  same 
nature  as  the  hydrochlorate  of  ammonia  (see  page  197);  and,  in  that 
view,  may  require  the  formula  ZH,Pt;  H  4-  HCl.  In  this  formula 
ZH,Pt  represents  a  vice-amidogen ;  the  formula  ZH,Pt;  H  the  cor- 
responding ammonia,  and  the  formula  HOI  the  hydrochloric  acid  requisite 
to  constitute  a  hydrochlorate  of  this  peculiar  ammonia. 

One  of  the  methods  of  preparing  the  compound  under  consideration 
consists  in  adding  platous  chlora,  =  PtCl,  to  the  salt  represented  by 
formula  35]  =  ZlPPt;  CI  +  ZH"H,  which  may  thus  produce  a  com- 
pound of  the  following  formula,  (ZH"Pt ;  a  +  ZH*H)  -f  PtCl. 

Finally,  we  can  imagine  the  existence  m  this  compound  of  the  radical 
pUdousem  =  ZlPPt^,  which  would  then  require  the  following  formula : 
ZffPt* ;  CI  +  ZH*C1. 

We  have  thus  five  formulae,  all  of  which  express  the  same  quantities 
of  the  same  elements,  but  differ  greatly  in  their  proximate  arrangement, 
and  every  one  of  which  has  some  claim  to  be  considered  the  right 
formula : 


i).  zippt;  a. 

2).  PtCl  +  ZBPH. 

3).  ZH,Pt;H-f  HCl. 


4).  (ZH»,Pt;Cl  +  ZH«H)+Pta 
.    jZHTt«;Cli 
5>  |ZH*      ;  Cl.( 


^  It  is  not  unlikely  that  some  of  the  duplicate  salts  of  this  scries  may 
require  formulae  similar  to  No.  5),  containing  platousem  instead  of  pla- 
tousam ;  but  in  the  present  state  of  our  knowledge  of  these  compounds, 
while  it  is  easy  to  construct  such  formulae,  it  is  impossible  to  ascribe 
them  with  any  certainty  to  the  proper  compounds. 

6).  The  Ydlow  Scdt  —  Preparation  i).  The  compound  No.  35], 
=  ZH*Pt;  CI  +  ZH*H,  is  heated  as  long  as  it  gives  off  ammonia. 
2).  The  green  salt  is  dissolved  in  a  boiling  solution  of  sulphate  of  am- 
monia. When  the  solution  cools,  the  yellow  salt  is  deposited.  There 
are  several  other  methods,  but  none  which  gives  any  precise  information 
respecting  the  proximate  constitution  of  the  salt.  When  the  yellow  salt 
is  dissolved  in  aqueous  ammonia,  the  salt  No.  35]  is  reconstituted.  The 
yellow  salt  is  sometimes  called  the  hydrochlorate  of  Reiset's  second  base. 
c.)  The  Red  Salt, — Carbonate  of  ammonia  is  added,  drop  by  drop. 
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[  solution  of  neutral  protochloride  of  platii 
stallises  when  the  solution  cools.  If  carbon 
loce  in  great  excess  to  a  cold  solution  of 
lie  t/dlote  salt  is  produced. 
ipear  to  be  several  other  compounds  of  this 
I  (see  Gmelin's  Handbook  of  Chemistry,  vi. 
Is  of  preparing  them,  or  of  converting  thei 
<r  their  properties  or  reaclions,  enable  us 
ity  any  one  of  the  above  formulte  in  prefere 
ling  opinion  of  chemists  is,  that  the  green  ( 
ymB  as  the  other  salts,  but  this  opinion  doi 
dation. 

es. — Chloride  of  diplatosammonium,  Buck 
le  of  platinum,  with  one  atom  of  ammo 
Jydrochlorate  of  platosamine  =  OH.MIW 
to  him  the  green  salt  is  chloroplstinite 
N^'Pt.     PlatammoniumchlorUr  =  ]ir» 

;).      Ammon-Plataramoniumchlorilr-Platinc 

CI,  Grimm  (the  greea  salt).'  Miller  calli 
ate  of  platosamine  (Reiset's  second  base)  = 
le  green  salt  Magnus's  green  salt  (R^sf 
+  PtCl.  This  last  formula  agrees  with  Ni 
Ibk  foimulfe.  An  objection  to  this  particuh 
It  to  understand  how  tt  happens  that  (ZH*] 
>es  not  instantly  become  ZH*Ft ;  CI  +  Zl 
:b  requires  formula  i), 

PPt ;  CI  +  ZITH      .     Platousam  chlora  c 

be  head  of  "  Ammoniated  Salts,"  at  pag 
nature  of  the  compounds  dtat  are  formed  h 
i  with  neutral  salts.  It  is  of  importance  to 
xinnds  are  double  salts,  because  it  clears 
in  the  theory  of  the  platinum  bases.  G: 
'  thb  salt  are  Amraonio-protochloride  of  pi 

I's  names  and  formuls  are  quoted  from  Lie! 
Qiemie,  Bond  vi.  To  save  room,  I  shall  he) 
one  line,  thus :  (H*N,Pt,CP)NCl  +  PtQ. 
,  that  the  quantities  that  are  placed  withi 
d  off  by  commas,  must  be  placed  in  a  c( 
jrmula. 
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atoins  of  ammonia  —  2NH',PtCI.  He 
its  preparation,  "  Protochloride  of  pU 
ammoDia,  and  boiled  with  it,  the  liqui 
the  green  compound  of  Magnus,  which 
of  heat,  is  dissolved,  after  which  the  s<: 
talliang  poJnL  The  green  salt  of  M>^ 
similar  manner.  {Heiset)"     These  react 

First  reaction  :      PtCl  +  ZH',HO 
Second  reaction :  ZlPPt.Cl  +  ZH*,HO 

Gerhardt's    name   for  No.   35]    is  I 
=   HCI,K'H''Pt.       Grimm    talb    it 
=  (H*N,Pt,H')NCI.    Buckton's  name  i 
=  PtH'N'a.    Miller  caUs  it  Hydrochio 
first  base)  =  PtH-N'.a. 

When  this  salt  is  heated  in  a  tube,  i: 
the  ydhv!  variety  of  No.  34].  When  it 
of  No.  3],  it  produces  the  green  variet] 
scribed  a  remarkable  reaction  with  this 
with  Besquichloride  of  iron,  expeclirg  to 
to  those  described  at  Nos.  60]  to  63]. 
but  he  procured  a  precipitate  which,  on 
chlora,  No.  70]  =  ZHTtcCI.  After  f 
by  an  excess  of  the  platinum  salt,  he  i 
sesquichloride,  but  only  protochloride  oi 
of  chlorine,  having,  according  to  him. 
chloride,  as  represented  in  the  following 

PtH'NKll  +  F^a*  =  PtCU 

According  to  my  notation,  this  reaction 

ZHTt;  CI  +  ZWR  +  FecH^l*  =  ZHT 

That  is  to  say,  the  three  ferric  atoms 
poimd  become  two  ferrous  atoms,  and 
This  free  chlorine  converts  the  one  pla 
and  sufficient  hydrc^en  and  nitrogen  t 
present,  the  products  are  two  atoms  of 
of  ferroos  chlora. 

36].  ZffPt;  Br  =  Platon 

37" .  ZH'Pt;  Br  +  ZIPH  =   Platoo 
38'.  ZHTt;  I  =    Platon 

39].  ZIPPt;I  +  ZH'H     =    Plaloii 


322  SALTS  OF  PLATOUSAH. 

These  four  salts  are  evidently  the  corresponding  salts  to  34]  and  35], 
the  only  difference  being  in  the  replacement  of  the  negative  radical  CI  by 
Br  or  I.  It  is  consequently  needless  to  enter  into  details  respectiDg 
them. 

40].  ZHTt;  HO   =  Platoosam  hydrate. 

Dr.  Hofmann,  speaking  of  the  Platosamine  bases,  says — "  The  free  base, 

H*) 
which  Brodie  has  recently  produced,  has  the  composition  p  >  NO,HO, 

and  is  consequently  a  true  Platosammonixpnosydhydrate."  SuppUmente 
zum  Handwdrterbvdie  der  Chemie,  p.  473.  I  can  find  no  account  of  this 
substance.  Compare  No.  40]  with  No.  41].  Which  of  these  salts  did 
Brodie  discover? 

41].  ZBPPt;  ZIPPtO   =   Platousam  platousamate. 

This  compound  is  produced  when  No.  4a]  is  exposed  to  heat 

ZH*;  ZHTtOl   _  jZTPPt;  ZH»PtO 

ZH*;  ZHTtOf  -  tZH«H  +  ZH«H  +  HHO. 

This  is  the  hydrate  of  Gerhardt's  Platosamine,  and  Reiset's  second  base. 
It  forms  a  grey  porous  mass,  insoluble  in  water  and  in  anmionia.  Dr. 
Miller's  formula  for  Platosamine  is  PtH*N,0. 

42].  ZH*;  ZH'PtO   =   Ammona  platousamate. 

This  compound  is  obtained  by  precipitating  the  solution  of  the  sulphate 
No.  44]  with  baryta-water : 

ZHTt ;  SO*  +  ZH*H  +  BaHO  =:  ZH* ;  ZHTtO  +  BaSO^, 

or  by  acting  upon  the  salt  No.  35]  by  oxide  of  silver  (that  is  to  say, 
newly-precipitated,  or  in  the  state  of  hydrate) : — 

ZHTt;  a  +  ZIPH  +  AgHO  =  ZH*;  ZH«PtO  +  AgCl, 

Gmelin  gives  it  the  formula  2NH',PtO,HO,  and  calls  it  Aromonio-pro- 
toxide  of  platinum,  or  Platinite  of  ammonia,  with  two  atoms  of  ammonia 
and  one  atom  of  water.  According  to  Berzelius,  the  formula  is 
NHTtO  +  NHK).  If  O  is  taken  =16,  this  formula  agrees  with  mine. 
Grimm  calls  it  Ammon  -  platammoniumoxydhydrate  =  (H*N,Pt,H") 
NO.HO.  Gerhardt's  formula  is  N«H*Pt  +  2HO.  The  firet  division  of 
this,  formula  =  N*H*Pt,  represents  an  imaginary  base  which  Gerhaidt 
called  Biplatosamine  or  Diplatosamine.  Dr.  Millei^s  formula  for  Dipla- 
tosamine  is  PtH*N",0  +  HO.  A  name  by  which  this  compound  is 
frequently  distinguished  is  "  Reiset's  first  base."  Reiset's  "  second " 
base  is  the  radical  of  No.  41].  Dr.  Hofmann  gives  the  following  account 
of  the  present  compound.     "  The  constitution  of  the  base  is  not  so 
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simpte  as  that  of  the  FlAtosammoriitimoxydhydrat 
tains  the  elements  of  that  compoond  +  i  equiv.  an 

PtH'N'O.HO  =  ^[  NO.HO  +  H 

We  have  at  this  moment  nothing  to  guide  as  in  f 
the  manner  in  which  this  equivalent  of  ammonia  i 
Platosammoniumoiydhj'drate.  If  we  adopt  Grahi 
ammonia  combines  directly  with  bodies  that  conbun 
considered  as  ammonium,  replacing  one  atom  of  hjn 
consider  Plato^mine  aa  an  amraonioplatosammoE 
according  to  the  following  formula : 

H'N  \  NO.HO. 
Pt  I 

I  may  remark  that  tlie  tendency  of  bases  to  coi 
equivalent  of  ammonia  is  frequently  manifested  in  c 
SuppiemtnU  zam  Handicdrterhuche  der  Chemie,  4^ 
Hottnann  adopts  the  notion,  that  ammonium  Z£ 
ammonium,  a  notion  which  appears  to  me  to  be  su 
idea  of  an  ammonium.  I  have  not  met  with  Mr.  ( 
this  strange  proposal. 

The  salt  42]  has  strong  alkaline  properties ;  its 
corrosive  as  that  of  caustic  aoda;  and  it  rapidly  i 
from  the  atmosphere.  The  formula  which  I  have 
valent  to  that  of  anhydrous  soda : 

ZH*,ZffPtO   =  the  salt  No.  4a 
Na  ,Na      0    =   anhydrous  sods 
With  hydrochloric  acid,  the  salt  42]  produces  ws 
compound  3  ;] : 

ZH* ;  ZHTtO  +  HCl  =  (ZIPPt ;  a  +  ZH 
4j].  ZITPt;  SO*  =  Platoosamsul 
Formed  by  boiling  Platousam  ioda.  No.  38]  =  ZI 
sulphate  of  silver.  Gmelin  calls  it  Ammonio-sulpha 
with  one  atom  of  ammonia  =  NH'.PtO.SO'  +  HC 
water  cannot  be  separated.  In  that  caae,  the  foi 
ZH'PtjSO"  +  ^aq.  The  salt  reddens  litmus  stron 
ammonia,  it  is  converted  into  No.  44J.  Grimm  de« 
of  platosaraine  =  (PtH*)NO.SC>'. 

44].  ZIPPt ;  SO'  +  ZH'H    =   Platousam 
amidah' 
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The  preparatioii  is  described  in  the  note  to  ^;], 
by  a»iding  strong  sulphuric  acid  to  Platouaam  ch 
No.  35]  =  ZHTt;  a  +  ZH*H.     In  the  last  1 
entirdy  upon  tbe  chlorine  of  the  salt : 

a  +  Hso«  =  so*  4-  Ha 

The  salt  forms  transparent  square-based  octahe 
action  on  v^etable  colours.     Gmelin  calls  it  Ad 

tiuOQS  oxide,  with  two  atoms  of  ammonia  =  2^ 
calls  it  Sulphate  of  amnion-platammoniumoxyd  = 
Gerhardt's  name  is  Sulphate  of  djplatosamine. 

45].  ZH*Ft;  NO"  =  Platousam 
Formed  by  boiling  Platousam  ioda,  3S]  =  Z] 
silver  nitrate  (AgNO*  =  argenta  nitrite).  The  n 
of  double  decomposition : 

ZHTt;  I  +  AgKO"  =  ZH-Pt;  NO 

The  solation  of  the  crystallized  salt  reddens  litnn 
verted,  by  solution  in  ammonia,  into  the  salt  No 
Ammonio-Nitrate  of  platinous  oxide,  with  01 
=  NH',PtO,NO*.  It  is  Gerhardt's  Nitrate  of  1 
NHO*.  Sometimes  called  the  Nitrate  of  Reisct's 
46].  ZIPPt;NO'  +  Zira    =    Platousa 

This  salt  is  prepared  by  acting  upon  platousam  cl 
No.  35]  =  ZHTt;  CI  +  ZHTJ,  either  with  nil 
or  witli  nitric  acid  =  HNO*,  when  double  i 
Gmelin's  name, for  this  salt  is  Ammonio-nitrate  o 
two  atoms  of  ammonia  =  aNH'.PtCNO'.  It  i. 
diplatosamirie  =  N'H'Pt.NHO*.  Grimm's  name 
platammoniumoxyd  =  (H'N,Pt,H»)NO.NO'.  M 
diplatosamine  (Reiset's  first  base)  =  PtH'N*0,N( 
47].  ZH*;  ZIPPtjCO'    =   Ammonapli 

This  formula  represents  a  neutral  carbonate,  in 
ammona  form  the  two  positive  radicals.  These  r 
those  which  occur  in  Oie  salt  No.  42]  =  ZH*;  i 
when  a  solution  of  the  salt  No.  43]  is  exposed  U 
acid  gas: 

ZH' ;  ZH-PtO  +  CO"  =  ZH*  i  ZH'l 
This  salt  is  Gerhardt's  Carlxinate  of  diplatosam' 
bonate  of  ammon-platammoniunioiyd  =  (H'N,Pt,! 
This  formula  leads  Grimm  to  call  it  the  acid  soft, 


nsutral  atdt  to  the  one  which  I  have  formulated 

my  opinion,  he  misnames  both. 

.a-,    IZH';  ZHTt;  CO"!   _  Ammona  platt 
*°-l-  \ZW;  ZffPtO       f  "       cum  ammoD 

or  thtu,  as  a  tetrabasic  salt : 

{ZH')';(ZHTt)»;CO*     =  Ammonen  pla 

This  salt  is  a  compound  of  No.  47]  with  No.  43] 

ezpoSLDg  a  solution  of  No.  41]  to  atmospheric  air. 

the  so«illed  neutna  salt  is  (H*N,Pt,H')NO.C0»  + 

a  BesqnicarlxHiate  with  the  formnla 

a[pt  [  NO.CO"  j  +  HO.C 

the  occajTeoce  of  which  is  improbable.  Miller,  1 
carbonate  of  diplatosamine  (Reiset'a  first  base)  = 

It  is  worthy  of  remark,  tjiat  a  salt  which,  on  tl 
hibatic  neutral  carbonate,  may,  on  the  theory  of  * 
represented  as  a  monobagic  bicarbonate. 

49].  ZHTt;Cy    =  Platonsam  < 

The  cyanide  of  platousam.  It  is  produced,  in  < 
(^anate  of  ammonia,  by  saturating  the  protoxide  No 
add  (HCy  =  hydra  cyana).     Thus : 

ZH';  ZffPt,0  +  IPCy'  =  ZH*Cy  +  ZIP! 
The  products  are  platousam  cyana,  ammona  cyana, 
produced  by  passing  cyanogen  gas  through  a  soluti 
separated  oxygen  givee  rise  to  some  secondary  reai 
nders  the  most  convenient  method  of  production 
poaing  Platonsam  chlora  No.  34]  =  ZH*Pt ;  ( 
=  KCy,  which  is  a  case  of  direct  double  decompo 

ZIPPt,Cl  +  KCy  =  ZHTt;  Cy  + 
The  decomposition  of  the  salt  No.  49]  by  nitrat 
ai^enta  nitrite,  is  as  follows : — 

Sffnoi^/mes.  Hydrocyanate  of  platosamine  =  p 
of  platosammoniam  =  p  >TS.Cy,  BacHon. 
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50].  ZITPt;  Cy  +  AgCy  =  Platonaam  cyai 
51I.  ZH'Pt;Cy  +  ZnCy  =  Platottaara  cyw 
5a'.  ZHTtjC^  +  CoCy  =  Platonsam  cyai 
5 jj.  ZHTt ;  Cy  +  NiCy    s  PlatouaMn  cyai 

These  are  donble  cyanides,  which  differ  from  t 
at  Nos.  8]  to  10]  only  by  contoining  platonaam 
They  are  procured  by  the  action  of  platJaocyanid 
upon  ammoniacal  solutions  of  sails  of  the  respec 
54].  ZIPPt,Cy,S'  -  Platousamcj 
Buckton  calls  this  salt  the  Platino-bisulphotTani 
=  PtH*N',Pt2CCyS*).  It  U  similar  in  constift 
excepting  that  it  contains  platousam  instead  c 
Buckton  doubles  the  constitueDts  to  make  the  s 
Bulphocyanides,  Nos.  14]  and  15].  The  nnsupp 
platinum  is  combined  with  the  imaginary  su 
other  half  with  the  ammonia,  does  not  warr 
fbrmuls. 

55].  ZH*;  ZIPPt;SK)'  =   Ammona  pU 

This  snlphite,  and  the  four  compounds  repress) 
are  produced  by  the  action  of  sulphite  of  ammoi 
fications  of  platousam  chlora.  No.  34].  The  c 
57]  are  produced  either  by  the  red  or  the  green 
by  Nos.  58]  and  59]  are  produced  by  theyello' 
of  these  prxMlncts  with  the  varioas  doubtftd  fbi 
salt  14]  (seepage  3 19),  has  not  enabled  me  to 
whica  rest  on  this  point. 

60].  ZlPPt ;  a  +  ZH*Cuc ;  CI  =  Platonsai 
chlora. 

This  salt  is  a  double  chloride  of  platousam  and 
it  contains  chlorides  of  two  vice-ammoniums,  ea 
metallic  atom  in  place  of  one  atom  of  hydrogen 
63]  are  of  similar  constatntioQ.  Buckton,  wh< 
describes  them  as  compounds  of  chloride  of  dipl 
with  chlorides  of  the  respective  metals.  Thv 
diplatoeammonium  combined  with  chloride  of  a 
Buckton,  See  his  Memoir,  Quarter^  Jovrwd 
V.  313.  It  is  much  more  probable  that  they 
ammonams,  in  agreement  with  formute  60  to  6 

64].  ZH,CIP,CIP,Pt;  CI  +  ZIPH  =  Pla 
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the  vice-eminon  instead  c 
salt  are,  MethylobipUtosammoDimnchloi 
calls  it  MethylammoQ-Methyl-FlatAmmo] 
and  he  gives  it  this  magnificent  foiraul 
recommended  by  a  high  degree  of  tmprob 


assomptjon  to  wliich  I  can  in  no  case  agn 
65].  ZH,(?IP,C?H*,Pt;  a  +  ZWB. 

Similar  to  No.  6^],  excepting  tltat  it  conti 
Hofmann'g  name :  ^thylobiplatoeaniinoni 
Grimm's  name  and  formula: 


£thylammon-£thyl-Platammot 


66].  ZH,C?IP,CTP,Ptj  a  +  ZIPS 

Similar  to  £4]  and  €5],  bat  having  two  a 
Grimm's  name  is  Phenjlammon-PiieDyl-l 
five-line  formula  of  similai'  architecture  U 
Nos.  64J  and  £j],  and  liable  to  the  same 
67}  Zir,<?H',Pt ;  a  =  Plato 

Similar  in  constitntioa  to  platonsam  chloi 
is  replaced  by  CTH',  A  stut  of  a  violet  co 
said  by  him  to  correapond  to  the  gree 
capable,  like  that  salt,  of  assuming  a  varii 
^lat  13  the  case,  this  compound  may  herea 
may  lead  to  the  accurate  discrimination 
described  in  the  note  to  No.  ]4]. 

68].  2^,0^':  a  +  Pta  =  Phenyl 
A  gamet^nlonred  compound,  discoverei 
C"H^,PtCl.HCI,  a  form  which,  accort 
represented  in  the  ammonia  series. 
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Class  IV.— Salts  of  Platicam  =  ZHTtc. 


ol  ZH»Ptc;a 

i].  ZHTtc ;  Cl  +  Pica 

2].  ZIPPte;a  +  ZH«Pte;Br 

3].  ZHTtc ;  CI  +  ZHTtc ;  SO"      = 

4].  ZIPPtc;a  + ZIPPtc;  CX)"      = 

5].  ZIPPtc ;  a  +  ZHTtc ;  N0»     = 

7].  ZHTtc;  CI  +  (ZHTtc)«PO*     = 

8].  ZHTtc;  NO*  +  ZHTtc;  00^  = 


80].  ZffPtc ;  HO  +  PtcHO 

81].  ZHTtc;  S0»  +  PtcSO» 

82].  ZHTtc;  N0»  +  PtcNO* 

83].  ZHTtc;  N0»  +  PtcHO  +  aq  = 

o.nj  ZH«Ptc;CO"    1   ,    ,  _ 
84]-{ptc       ;H0     f+*^ 

{ZHTtc;  a 
(ZHTtc ;  N0») 
ZH*;PtcO 

f  ZHTtc;  a       ) 
86].<^(ZH«Ptc)«;CO«V 


'} 


[  ZH*;PtcO 


J,  -,  J  ZH»Ptc;NO»    ) 
"7J-  \  ZH* ;  PtcO        I 

^j..  j(ZHTtc;NO-)»l 
^^J't  ZH*;PtcO        f 

f  ZffPtc ;  NO" 
89].UZHTte;C07 
[  ZH* ;  PtcO 

90].     ZH'.Cff ,Ptc ;  a 


'] 


Platicam  chloia. 

Platicam  chloia  cmn  pktic 
chloia. 

Platicam  chlora  cam  pla- 
ticam broma. 

Platicam  chlora  cum  pla- 
ticam solphete. 

Platicam  chlora  com  pla- 
ticam carbete. 

Platicam  chlora  cam  pla- 
ticam nitrite. 

Platicam  chlora  com  pla- 
ticamine  phosphote. 

Platicam  nitrite  cum  pla- 
ticam carbete. 

Platicam  hydrate  cam  platic 
hydrate. 

Platicam  sulphete  com 
platic  sulphete. 

Platicam  nitrite  cum  platic 
nitrite. 

Platicam  nitrite  cum  platic 
hydrate  aquate. 

Platicam  carbete  cum  platic 
hydrate  demi-€iquate 

Platicam  chlora  bis  platicam 
nitrite  cum  ammona  pla- 
ticate. 

Platicam  chlora  cum  pla- 
ticamen  carbite  cam 
ammona  platicate. 

Platicam  nitrite  cum  am- 
mona platicate. 

Tris  platicam  nitrite  cmn 
ammona  platicate. 

Platicam  nitrite  bis  platicam 
carbete  cum  ammona  pla- 
ticate. 

Platic-phenylam  chlora. 


SAL-IS  OP  PLATICAU 
91].      Zff,<?H»,(?H*;Cl  +  2PtcCi      = 

93].  ZH,C?H',(?H*,CTi';a+aPt«Cl  = 
93].  ZCCH^.CTI'jCl  +  aPtca  = 
94].  ZH',ClP.CW;a  +  aPtcCl  = 
95].  ZCH',CfH',C»H".CH';a+ aPtca  = 

96].  Z,(C}P)',CI  +  iPtcCl  =  Methyli 
97]-  Z{CH')*,C1  +  aPtcQ  =  Ethylot 
g8].  Z(C?H")',a  +  aPtaCl  =  Amyloi 
^■j    JZCH',CH»;NO»»  Etbylic 

99J-  \         aPte-jCr    f  "       hydr 

100].    Zff.CTP.CH'jCl  +  aPtcQ    = 

Usual  Kaues  and  Korudls  of  the 
70].  ZHTtc;  a  =  Platica 

This  Bait  U  produced  by  the  action  of  sesqoic 
the  salt  Na  35]  =  ZH'Pt;  CI  +  ZWR.  '. 
No.  35].  It  is  also  produced  by  the  action  < 
salt: 

ZHTt;  a  +  ZIPH  +  Ca  =  ZHTtc 

There  are  many  otfaer  methods  of  obtEuDing 
ever  basic  power  is  removed  from  a  salt 
pcroer  applied  instead.  Pt'  then  becomes 
boiling  No.  71]  with  ammonia,  and  by  actii 
hydrochloric  acid. 

Sgnom/mes. — Ammonio-bicliloTide  of  platii 
Bihydiochlorate  of  diplatinamine  s  N*HY^, 
chlorplatammonimnchjoror  =  (H*N,PtCI,H* 


m 


NC[,Grm 


Uiller  quotes  a  hydnx^lorate  of  diplati 
PtH'N*,Cl.  I  can  find  no  accoant  of  suck  a  1 
bydiochlorate  of  Gros's  base,  with   the  fc 


fs^rv: 
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ugrees  with  No.  70].  Gros's  base  he  gives  as  PtC3H*N*0,  not  isolated. 
The  nitrate  of  Gros's  base  is  No.  75]. 

71],  ZffPtc;  CI  +  PtcCl  «=  Platicam  chlora  cum  platic  chlonu 

This  salt  is  produced  bj  the  acticm  of  chlorine  on  Magnus*s  green  salt» 
No.  34]  =s  ZEPPt ;  CI.  The  chloric  power  converts  Pt*  into  Ptc',  and 
then  produces  the  salt  No.  71].  According  to  Gerhardt,  there  is  an 
intermediate  salt  produced,  in  the  form  of  a  red  crystalline  power,  which 
appears  to  be  a  compound  of  Nos.  24]  and  71].  Thus,  2^H'Pt,Cl 
4-  (ZIPPtc;  a  +  PtcCl).  He  calls  it  chloroplatinate  of  diplatos- 
amine. 

Gerhardt's  name  and  formula  for  No.  71]  are  Bichlorhydro-diloro- 

platinate  of  dipiatinamine  =  <     pirr  >  NII^I^.     Grimm's  name  and 

formula  =  Ammon-chlorplatammoniumchlonir-platinchlorid  »  (H'^N, 
PtCl,H«)NCl  +  Pta".  Ammonio-bichloride  of  platinum  =  NiP,Pta*, 
Gmdin.  Bi-hydrochlorate  of  platinamine  =  NHptf,2HCl,  Gerhardt, 
Miller's  name  and  formula  are  Bihydrochlorate  of  platinamine  (Ger- 
hardt's base)  =  PtIPN,Cl". 

Gerhardt  makes  a  distinction  between  the  products  of  the  action  of 
chlorine  gas  upon  solutions  of  the  yellow  and  the  green  variety  of 
platousam  chlora.  No.  34] ;  and  hence  the  different  names  and  foimtJs 
which  I  have  ascribed  to  him.  The  analytical  results  of  the  different 
products  are  the  same ;  excepting  that  one  salt  is  anhydrous,  and  the 
other,  when  dried  at  120^  C,  retains  about  two  per  cent  of  water.  In 
other  respects  the  evidence  of  differences  in  these  products  is  not  soS- 
ficiently  dear  to  remove  any  of  the  difficulties  that  have  been  described 
in  the  note  appended  to  No.  34]. 

72].  ZHTtc;Cl  +  ZHTtc;Br  =  Platicam  chlora  cum 

platicam  broma. 

Produced  by  adding  bromine  to  the  salt  No.  35]  =  ZIPPt ;  CI  +  ZIPH. 
In  this  case  Pt'  becomes  Ptc',  bromine  is  assumed,  and  thus  the  salt  7  a] 
is  formed.  It  has  an  orange-yellow  colour,  and  its  solution  gives  with 
silver-solution  a  precipitate  containing  AgCl  and  AgBr. 

The  production  of  this  salt  affords  clear  evidence  in  support  of  the 
opinion  which  I  have  expressed,  that  in  the  presence  of  an  excess  of 
chloric,  bromic,  or  iodic  power,  the  platous  atom  becomes  converted  into 
platic  atoms. 

Synonymes.  Ammonio-chlorobromide  of  platinum  =  2NH',PtClBr, 
Gmelin,  Ammon  -  Bromplatammoniumchloriir  =  Pt(Cl,Br)N"H'  « 
(H*N,PtBr,IP)NCl,  Grimm. 

73].  ZHTtc;  CI  +  ZHTtc;  SO"  =  Platicam  chlora  cum 

platicam  8ulphete« 
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Produced  when  the  salt  No.  70]  is  dissolved  in  el 
beated  to  drive  off  muriatic  acid : 

2(ZHTtc ;  a)  +  HSC  «  ZHTtc;  Q  +  Z, 
It  is  also  produced  when  the  salt  No.  75]  ia  heal 
in  which  case  nitric  acid  is  driven  off, 

Si/noni/mes.  Ammonio-siilphate  of  oiycbloride 
PtaO.SO",  Gmtiin.  Bichlorhydn>«iilphate  of  di 
SO*H'  +  N'H*pl?,aClH,  Gerhard.  Gros's  si 
Ammon-chlorplatammonitunoiyd  =  (H*N,PtCI,l 

74].  ZHTtc:a  +  ZH'Ptc;CO'   =    Plat 
pL 
Prodaced  by  adding  oxalic  add  to  the  solutjon  0 
751  Gros,  ■ 

S^nonymes.  Ammonio-chloroplatinous  oxalate, 
oxychloride  of  platinum  =  4NH'  +  C*(PtCl)' 
hTdro-ozalate  of  diplatinamine  =  ^„  l3N*H' 
of  Ammon-chlorplatammoniiunoxyd  =  (H*N,Pt( 

75].  ZirPtc;a  +  ZHTta;NO'    =  Plal 
pli 
Produced  hj  the  action  of  nitric  add  on  the  a 
green  salt — thus : 

ZIPPljO     \  fZHTtc;a  +  ZH 

ZH'Ptja     }    =   iFt,hal/thepl(aiau 

H;NO'|  [HClsafni, 

Synonymea.  AmmODio-nltrate  of  oxycbloride 
PtCIO.NC,  Gtmiia.  Bichlorohydro-nitrate  of  dii 
NHO»,CIH,  Gtrhardt.  Nitrate  of  Amnion -c 
=  (H'N,Pta,H')N0.NO», ffr^m.  NitrateofGi 
NO*,  and  also  (PtCl,2H'N,0)NO',  MiOer. 

"  Geriiardt,"  says  Professor  Miller  {Etementt 
1066),  "  views  the  salts  of  Gros  as  biadd  salts  ol 
of  which  two  adds  are  present  A  serious  objed 
however,  is  afforded  by  the  &ct  that  Groe's  hydn 
half  its  chlorine  when  mixed  with  the  solution  1 
ought  to  give  up  the  whole  were  Gerhardt's  thee 

Pnrfessor  Miller's  difficult  does  not  exist  ii 
eironeons  theory  which  guides  his  reasoning.  ] 
explain  why  nitrate  of  silver,  acting  npon  the 
throw  down  ail  the  chlorine?  the  reply  woold,  1 
or  raliiei  should  be,  simply  a  case  of  double  de< 
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]  (ZIPPtc;Cl     \t^^  ,^ 

\   =   ^ZIPPlc;N(yp°-75- 

J  I        Ag;a 


CI  +  AgNO»  s  AgCl  +  ZHTtc ;  NO*.  That  reaction  does  not  indeed 
take  place,  but  the  cause  of  the  different  reaction  that  really  takes  place 
is  obvious.     Thus  ; 

zipptc ;  a 

ZH'Ptc;  a 
Ag;NO" 

This  reaction  is  precisely  analogous  to  that  which  takes  place  in  the  pre- 
paration of  No.  75],  by  adding  nitric  acid  to  No.  34],  and  to  thai  which 
occurs  in  the  preparation  of  No.  73].  When  the  double  salt  No.  75]  is 
produced,  it  resists  decomposition  by  nitric  acid,  by  nitrate  of  silver,  and 
even  by  sulphuric  acid.     That  is  the  solution  of  the  problem. 

77].  ZHTtc;  a  +  (ZIPPtc)"PO*  =  Platicam  chlora  cum 

platicamine  phosphote. 

Synonymes.  Sesquichlorhydro-phosphate  of  diplatinamine  =  N'H^pti', 
PO*fP  +  N*H*pt",ClH,  Gerhardt.  Phosphate  of  Ammon-ChlorplatBm- 
moniumoxyd  and  Ammon-Oxyplatammoniumoxyd 

H*N  1  f  H*N) 


=  PtCl  \  NO,  I  PtO^NO,HO 


+  P0»  +  HO,  Grimm. 


W  ]  I   IP) 

Phosphate  of  Raewsky's  base  =  Pt«ClH"N^O*,PO*,HO,  Miller. 

78].  ZH»Ptc;  NO*  +  ZHTtc;  C0»  =  Platicam  nitrite  cum 

platicam  carbete. 

A  combination  of  nitrate  of  platicam  with  oxalate  of  platicam. 

Synonymss,    Binitro-oxalate  of   diplatinamine  =  N*H*pt",C*H*0*  + 
N*H*p1*,2NH0» 

f  C*H[NHpt^(NH*)]a')   Bioxalate  of  diplatinammonium 
^\  NH0*[  Nitric  acid 

t    N[NHpt»(NH*)]0«)   Nitrate  of  diplatinammonium 
=  2CO",2NO*,2PtO«,4NIP. 

All  these  formulae  are  given  by  Gerhardt.  They  are  striking  examples 
of  the  exercise  of  the  ingenious  art  of  giving  apparent  complexity  to 
things  which  are  naturally  simple. 

80].  ZH*Ptc ;  HO  +  PtcHO  =  Platicam  hydrate  cum  platic 

hvdrate. 

Produced  by  adding  an  excess  of  ammonia  to  a  boiling  solution  of 
nitrate  of  platinamine  No.  8  3].  Small  brilliant  yellow  crystals.  Caustic 
potash  does  not  dissolve  it,  nor  expel  ammonia  from  it  (because  caustic 
potash  and  this  compound  are  both  hydrated  basic  radicals  of  the  ssine 
order).     It  readily  dissolves  in  acids. 
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Sffnoia/mes.  Platintimine  =  NHpt?  -f 
moniumoxvdhjdrate  =  (PtO,H')KO,Hi 
=  Nff.PtO'  +  aA^,  Gmetin.  Miller 
hardt'a  base)  the  formula  PtH'M.O",  w 
either  ZHTtO,  or  ZH'Ptc,PtcO ;  but 
have  been  produc«i,  Gerhardt's  Platini 
is  given  to  No.  8o]. 

8i].  ZlPPtc;  S0»+  PtcSO*  =  I 

Produced  by  dissolving  platinamine,  No, 
powder;  arid;  soluble. 

StfJimymes.  Sulphate  of  platinamine  = 

sulphate  of  platinaniine  =  NHp^.SCH' 

8a].  ZHTtc;  KC  +  PteNO'  = 

Produced  by  mixing  nitric  acid  with 
yellow  powder. 

Binitrate  of  platiDamine  =  NlP.PtC 
platinamine  =  NHpt',aHNO*,  Gerhard 
PtH'N,0*,aNO',J/tffcr. 

83].  ZH'Ptc;  NO*  +  PtcHO  +  HHl 

nitrite  cum  platic  bydi 

Produced  by  boiling  the  chloride  No.  7i 

chlorine  is  wholly  abstracted  by  tlie  silvi 

Symmytnta.  Neutral  nitrate  of  platin 
Gtrhardt.  Ammonio-nitrate  of  platinic 
Gmdin.  Nitrate  of  Oiyplatammoniumo; 
Grimm.     Neutral  nitrate  of  platinamine 

^+]-iph:        iHOf  +  *^  = 
Produced  by  adding  osalate  of  ammon 
which  explode  when  heated.     This  is  ( 
tinamine  =  CTJ'O'.aNHpf  +  3Aq. 

[Qu*fy— 


PtiTICCEM  is  tl 
in  ammonium  by  two  platic  atoms.     Tt 
be  conveniently  formulated  with  such  a 
Ko.  80  =  ZHTtc";  HO  +  Aq. 


ITtc*;  S0*+  HSO".     Platiccem  sulphate  cum 

hydra  sulphete. 
iE^li<?;NO'+HNO'.    Platiccem  nitrite  cum 

hydra  nitrite. 
I'Pt*^;  N0'+  Aq'.        Platiccem  nitrite  aquete. 
PPtc*;  CO*  +  i4  Aq.    Platiccem  carbete  aeeqiuaquate. 

principal  salts  of  the  series  to  which  Gerhardt  ascribes  his 
which  may  hereaf^r  be  proved  to  be  piaticcem,  althoogh 
brmatioD  is  not  conclusive  on  that  point.] 

[*Ptc ;  CI  1        Platicara  chlora  bis  platicam 

EPPbc;  NO")'  >  =  nitrite  cum  ammona  pk- 
t*;  PtcO  ]  ticate. 

he  actioQ  of  concentrated  nitric  add  on  Magnus's  green 
Baaosia/,  whose  formuk  is  4NH',PfaO',aNO'.  Pro- 
ction  of  nitrate  of  silver  upon  the  salt  No.  70].  Ikilliant 
ird  rhombic  crystals,  which  explode  when  nested, 
Y  of  exploding  when  heated  is  apparently  concurrent  with 
f  the  compound  ZH*;  PtcO.  The  salts  which,  in  com- 
ZH*;  PtcO,  compose  the  compounds  Nos.  8j  to  89,  tltat 
chloride,  nitrate,  carbonate,  and  oxalate  of  platicam,  do 
«  explosive  either  when  isolated  or  when  combined  in 
I  the  salt  ZH*;  PtcO  is  absent  But  when  this  salt 
compound,  the  compound  is  explosive.  It  is  on  account 
rity  tliat  I  prefer  the  formula  ZU' ;  PtcO  to  the  formula 
which  would  make  the  several  salts  appear  as  basic  salts. 
ie  of  these  salts,  an  given  by  different  chemists,  are  by  do 
mt  even  as  regards  the  ultimate  constituents  of  the  ^ts, 
jrtainty  prevails  on  that  score,  no  satisfectory  analytical 
I  written. 

Ammonio-binitrate  of  oxychloride  of  platinum,  GmeUn, 
Tonitrate  of  diplatinamine  =  N'H'pl^.aNHO"  +  N^'pt", 
Double  Nitrate  of  Ammon-Olilorplatammoniumozvd 
-  Oxyplataramoniumoxyd  =  (H*N,PtCl,H')NO.NO>  '+ 
NO.NO*  +  HO,  Grimm.  Binitrate  of  Baewskv'a  base 
y,3N0',  JUaier. 

ZIPPtc ;  CI  1  Platicam  chlora  cum  platic- 
(ZlPPtc)*;  CO*  [■  =  amen  carbite  cum  ammona 
ZH'jPtcO        J  plaUcate. 

— Raewsky'a  ammonio-carbonate  of  oxychloride  of  pla- 
',Pl?ClO',2CO',  Gmeliii.  Sesquichlorhvdro-carbonate  of 
=  N'HV.CO^  +  N'H*pt',ClH  +  Aq,  Gerhardt.  Car- 


booate  of  ammon-chlorplatamn 
ninintwyd  =  (H'N,PtCl,H')N( 
Grinm. 

-  T  jZH'PtejNO'l 
"^J-jzHMtcO     f 

St/nonymes, — Ammooio-nitn 
+Aq,  Gmelin.  Neutral  nitratf 
Qerliardl.  Neutral  nitrate  cf 
PtO,H')NO.NO»  +  HO,  Gri 
=  PtH'N'O'.NO'.HO,  MiOer. 

^^J- 1  ZH* ;  PtcO 

Sffrtom/vtes. — Ammonio-sesq 
SNC  +  Aq,  Gfoelm.  Seaq 
jNHa*  +  Aq.  Gerhardt.  Neu 
wyd  -  (H'N,PtO,H')NO.NO 
phtoiamine  =  3{PtH'N^'),3] 

f  ZtPPtc;  NO*  1 
89].  aZH'Pic :  CO")' 


Sffaonymes. — Sesquiaitro^M 

(CH[NHpt?(NH')P 

"1   N[NHpf(NH*)]0 

=  iC70",NO',aPtO',4NH',HO 

tliat  quoted  in  the  Dote  to  1 
Oxalate  of  ammon-oxyplatemini 


-4i}' 


I  Gnmm  qnotea  tlie  following  aa 

[  jCITO'. 

:  INHO"   . 

I  90].  ZH'.CH'.Pm; 

[  A  rose-red  salt,  discovered  b^  1 

I  a(C"lFN),PtCI'.     This  salt 
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,(?H' ;  CI  +  3PtcCl  =  Pher 


rlauiline-platinchloride  =  C 
platm-fiolzsaares  vinaoilin  = 


?H>,t?H»;a  +  aPtca   : 


^ylaniline-platinchloride  =  ( 
salzsanres  bivinanilin  =  C*°NE 


TIP ;  a  +  aPtca    =    Phei 


>Tplatiii-saIzEanTe9  trivinanilin 
'a  CHXOH'yNa.PtCl"),  6 

rH'ja  +  aPtca  =  Pheny 
plat 

thylanilioe  -  platinchloride   = 

>,C'H",CTI';a+  aPtcCI  : 
ira  bis  platic  chlora. 

platinmn'Salt  of  methylethjle 

C"H*) 
:{  +  aPtcCI  =  Methylom  d 

hydrochlorate  of  tctrametl 
platinum 

(CTP) 
CI.PtCl'  = 
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97].  Z(C»H')*;  a  +  iPtcCl  =  Ethylom  chlora  bis  pktic  chl 
Sffjumyme.  The  platinam-ealt  of  tetrethykmmontom 

ICHM 
^g*     Na,Pta',  Sqfmann. 
C*H') 
98].  Z(CH")*;  a  +  aPtcCl  =  Amylom  chlora  bis  platic  ct 
Synant/me.  The  platisum-ealt  of  tetramylammoDiiim 

c"h''  I  NCI,PtCP,  Hofruinn. 
C»H") 


Z(?H',(?H';  NO»l   _  Ethylic-phenylac  nitrete  cat 
H,  Ptc* ;  CI'  I   ~       hydra  platenic  chlorine. 


99]. 

^/noityme.  Ethylnitratulin-platiDchloride 


Dr. Hofinaim'E  " Ditraniline  "  thetxy  is discusaed  at  -pege  a88.  1 
dbili^  of  the  existence  of  sach  an  ammoniDm  as  is  here  repress 
inadmissible ; 


100}.  ZH»,C?ff,(?H';a  +  3PtcCI  =  Phenylic-flcelylam  cl 

platic  cbloia. 
Synom/me.   Chloioplatinate  of  phenyl -acetosamine    m   CMI' 
N,HCl,PtCl*,  GwAanft. 
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The  Urea  Theory. 

Non-Permanent  Cyanate  of  Ammonia. — ^When  the  vapour  of 
hydrated  cyanic  acid  (=  H,CyO)  is  passed  into  dry  ammonia  gas 
(  =  ZH*,!!))  we  obtain  a  white  voluminous  crystalline  powder,  which 
chemists  in  general  agree  in  calling  Ctanate  of  Ammonia,  and  the 
composition  of  which  is  stated  to  be  H*NO,CNO  (  =  ZH*,CyO).  This 
powder  is  very  soluble  in  water,  and  its  cold  solution,  when  fireshlj 
prepared,  has  the  following  properties :— * 

1.  It  disengages  ammonia  on  the  addition  of  a  cold  solution  of  caustic 
potash :  ZH*CyO  +  KHO  =  ZH»H  +  KCyO  +  HHO. 

2.  When  treated  with  acids,  it  gives  off  cyanic  acid  (a)  and  carbonic 
acid  (6). 

(a).  ZH*,CNO  +  H,SO«     «  ZH*,SO«  +  H,CNO. 
(6).  ZH*,CNO  +  H,HO  I        J2(ZH\S0«) 
H,SO*  +  H,SO«f    =    I     C0» 

The  first  reaction  is  simply  a  case  of  double  decomposition  between 
the  cyanate  of  ammonia  and  the  hydrated  sulphuric  acid.  The  second 
reaction  is  owing  to  the  circumstance,  that  hydrated  cyanic  acid  is 
readily  decomposable  by  water  into  carbonic  acid  and  ammonia : 

H,CNO  +  H,HO  =  ZH«,H  +  00'. 

This  transformation  is  accelerated  when  a  strong  acid  is  present,  which 
can  take  up  the  anmionia  and  expel  the  carbonic  acid  as  gas : 

ZH*,H  +  HSO»  =  ZH*,SO«. 

In  equation  (6),   these  two  reactions  are  represented  as  occurring 
simultaneously. 

Permanent  Ctanate  of  Ammonia. — ^When  the  solution  of  cyanate 
of  ammonia  has  been  prepared  two  or  three  days ;  or  when,  soon  after 
being  prepared,  it  is  either  boiled  or  gently  evaporated  to  the  crystal- 
lising point;  or  when  the  white  powder,  described  above,  is  exposed  for 
some  days  to  the  air,  or  is  sHghtly  fused,  before  being  brought  into 
solution;  then  the  resulting  solution  is  found  to  contain  a  substance 
which  is  possessed  of  other  properties  than  those  above  described,  and 
this  substance  has  received  from  chemists  the  name  of  Urea  with  the 
clump  formula  Cf  H^NK)*  (  =  CH*N«0)  and  sometime  that  of  Carbamide, 
first  with  the  formula  NH"  +  CO,  and  latterly  with  the  formula 

HnN*  (  =  ZH«,ZH«,CO). 

IPJ 


Bozeliua  repreiented  it  aa  a  conjngated  ammoma  compotuid,  b 
fonntJa  NH',CHNO',  to  which  he  ga»e  the  name  ofurenosyd-* 
t«t  this  notion  has  not  been  adopted  by  other  chemists. 

Urea  Theory. — Before  I  enter  upoa  the  ezaminatioa  of  tl 
ties  that  arc  said  to  diat^iiguish  Urea  from  the  non-pemidneii 
of  Ammonia,  I  may  state  that  I  consider  the  composition  ol 
sabstances  to  bear  to  one  another  the  same  relation  as  that 
boine  by  tlie  gaseons  salts  of  ammonia  to  the  solid  salts  of  an 
See  p^  197.  The  non-permanent  cyanate  of  ammonia,  whi 
dnced  by  the  action  of  hydrated  cyanic  acid  upon  gaseons 
is  a  double  salt,  constituted  in  accordance  witi  t£e  form 
H  +  H,CyO,  while  the  permanent  salt,  into  which  it  so  soon 
is  the  tnie  cyanate  of  ammonium,  constituted  according  to  tfa 
ZH*,CyO.  The  names  of  the  two  substances  should  be, 
mcnt  with  this  idea,  as  follow : 

ZH»,H  4-  H,CyO    =   Amida  hydra  cum  hydra  cyanal 
ZH',CyO  =    Amraona  cyanate. 

The  snpposition  that  area  should  be  esteemed  to  be 
=  ZH*,ZH*,CO,  is  not  well  sustained  by  facta,  as  1  have  sho 
preceding  pages,  particnlarly  in  the  ailments  respecting  tht 
p^;e  317 ;  Carbamide,  page  23i ;  the  Imides,  page  323  ;  j 
and  CartMmilide,  page  398,  and  in  treating  of  variona  other  o 
of  minor  importance. 

Chemical  Reactions  o^  Urea. — I  proceed  to  show  that 
known  chemical  reactions  of  Normal  tfrea  (No.  i  in  the 
eamples  at  page  149),  and  the  Compound  Ureas  (Nos.  i 
justify  the  tbeory  which  is  now  advanced. 

I.  "  Neither  cyanic  acid  nor  ammonia  can  be  discovered  in 
if  a  solotion  containing  a  mixture  of  nitrate  of  silver  and  urea 
for  some  time,  it  is  partly  resolved  into  cyanate  of  silver  and 
ammonia."  Miller  {Elements  of  Chenastry,  iii.  609). 

This  argument  and  illustration  are  ill-adjnsted  to  one  anoti 
deoompositioD,  when  completed,  is  as  follows : 

ZH',CyO  4-  Ag.NO"  =  ZH'.NO"  +  Ag.CyO. 
If  mea  is  converted  by  nitrate  of  »lver  into  <yanate  of  silver  e 
of  ammonia,  however  slowly  the  operation  jwoceeds,  surely 
"discovery,"  both  of  cyanic  add  and  of  ammonia  in  that 
ndther  of  these  compounds  are  contained  in  the  nitrate 
Besides,  we  are  told  by  Liebig  and  Wohler,  that  if  the  mixt 
two  salts  is  evaporated  to  dryness,  the  transformation  i 
Hence  the  opinion,  so  frequently  expressed  by  chemists,  thai 
cyanic  add  nor  ammonia  can  be  discovered  in  urea,"  is  unws) 
experimental  facts. 

z2 
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2.  A  cold  solution  of  urea  mixed  with  a  cold  solution  of  caustic 
potash  does  not  liberate  ammonia.  This  is  the  experiment  which 
distinguishes  urea  from  the  non-permanent  cjanate  of  ammonia,  which, 
under  these  circumstances,  gives  off  ammonia.  But  it  is  a  prodigious 
jump  iirom  this  characteristic  (which  is  explained  at  page  342)  to  the 
statement  that  '*  ammonia  cannot  be  discovered  in  urea." 

3.  A  complete  decomposition  of  urea  occurs  when  it  is  fused  with 
hydrate  of  potash ;  the  products  being  carbonate  of  potash  and  gaseous 
ammom'a : 

ZH*,CNOl  f  KK,CO"  =   Carbonate  of  potash. 

K,HOJ         IzH-iHf  =   Ammonia. 

Here  the  potassium  carries  off  the  carbon  and  oxygen,  while  the  nitrogen 
produces  amids,  and  ultimately  ammonias,  with  the  hydrogen. 

4.  One  atom  of  permanent  cyaoate  of  ammonia  (urea)  heated  in  a 
sealed  tube,  with  two  atoms  of  water,  produces  one  atom  of  carbonate 
of  ammonia : 

ZH*,CNO.  4-  HHO,HHO  =  ZH^ZH* ;  CO*. 

At  pages  219  and  220  I  have  fully  explained  the  theory  of  this 
reaction. 

5.  When  urea  is  fused,  it  gives  off  ammonia  gas,  and  leaves  (^anuric 
acid  I 

ZH*,CyO  =  ZH«,H  +  H,CylO. 

When  the  heat  is  increased,  the  cyanuric  acid  volatihses  as  cyanic  acid 
If  this  meets  in  the  apparatus  widi  gaseous  ammonia,  it  again  produces 
the  non-permanent  variety  of  cyanate  of  ammonia  =  ZH",H  -f-  H,CyO, 
in  the  furni  of  a  white  powder.  This  is  of^n  referred  to  as  being  a 
sublimate  of  undecomposed  urea.  Of  course,  it  is  readily  reconvertible 
into  urea  by  the  usual  processes. 

6.  Chlorine,  when  transmitted  into  an  aqueous  solution  of  urea, 
resolves  the  latter  into  carbonic  acid  and  nitrogen,  whilst  hydrochloric 
acid  is  formed : 

ZH*,CNO  +  HHO  -f-  6Cl  =  CO*  +  2N  +  6HC1. 

In  this  case  the  nitrogen  is  set  free,  in  accordance  with  the  observation 
that  was  made  at  page  219,  that  ammoniums  are  only  produced  when 
there  are  present,  not  only  sufficient  basic  radicals  to  constitute  the  am- 
monium, but  also  negative  radicals  with  which  the  ammoniums  can 
instantly  combine.  It  is  true  that  water  is  present  in  this  case,  and 
might  be  supposed  able  to  supply  the  requisite  hydrogen,  but  there  is  no 
means  of  escape  provided  for  the  oxygen. 

7.  According  to  Wurtz,  dry  chlorine  gas,  passed  through  melted 
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mea,  fbnns  cjamiric  acid,  sal-ammoniac,  hydrochloric  add,  an 
Thia. decomposition  may  be  repreeeoted  in  an  equation,  thoa: 

2(ZH*,CyO)l    _    la(H,CylO)  +  ZH*a. 

jQ  /   -    ta(HCl       )  +  N. 

6.  Urea  boiled  with  escess  of  oil  of  vitriol  is  completely  re 
carbonic  add  gas  and  anlphate  of  ammonia  (Durruu)  : 

ZH'.CNO  1         Ja(ZH*,SO0 

3(HS0')  +  HH0f   =    1     C0». 
The  cyanate  of  potash  su^rs  decompo»Uon  id  a  dmilar  ma 
Keaction  4,  page  220.     This  comparative  eiperiment  prov 
C  and  N  of  the  cyanates  can  be  separated  tirom  one  another  I 
nnder  production  of  carbonic  acid  gas. 

9.  According  to  Milion,  one  atom  of  m'ea  decomposed  by 
of  nitrous  add,  produces  carbonic  add,  nitrogen,  and  water : 

ZH*,CNO  \  (CO* 

H,NO»V   =  {aN 
H,NO*]  I3HHO 

10.  According  to  Williamson,  when  (ncamide  is  heated 
(^mercDiy,  die  prodncts  are  mercury,  carbonic  add,  and  ore 

3(ZH»,C0)  +  HgcI^cO  =  HgcHgc  +  CO"  +  2H*,C 
Omnjde.  Vm 

11.  Oiamide,  passed  in  the  state  of  vapour  through  a 
heated  to  redness,  yields,  among  other  products,  a  large  c 

Zir.CO  +  ZIT.CO  =  ZH'.CNO  +  CO. 

Oumide,  2  atomi.  Urea.      Carbonic  oildt, 

la.  When  carbonic  ether  is  heated  in  a  sealed  tube,  with  ( 
solntion  of  ammonia,  the  excess  of  ammonia  slowly  converts  t 
ether  into  alcohol  and  urea.   Natansojt. 

Carbonic  ether  =.  CH',(7H' ;  CCf\  f  ,„,  ™rrt         1 

Ammoniain  JZH'jCTl'O     =     ffr^Sv - 

alcohol  tzH'iCffOJ  |(H,CH»0)   -. 

SDmiAKT  OP  THB  EVIDENCE. — The  question  to  be  ai 
onght  urea  to  be  considered  as  carbamide  =  ZH*,ZH*,CO,  or 
of  ammonia  =  ZH*,CNO?  It  is  needless  to  ask  if  it  correep 
dump  formula  CH*N*0,  because  that  formula  is  confessedl) 
tion  of  ignorance  of  any  form  of  proximate  constitution.  T1 
then,  Ues  between  carbamide  and  cyanate  of  ammwiia,  and  tl 
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depends  in  a  great  measare  upon  considerations  which  I  have  folly 
discussed  in  other  parts  of  this  work,  and  to  which  I  have  already  asked 
the  reader  to  refer. 

The  main  argument  urged  in  favour  of  the  carbamide  theory,  is, 
that  urea  readily  produces  carbonic  acid  and  ammonia  when  it  is  heated 
with  hydrated  alkalies  and  strong  acids.  But  that  aigoment  was 
certainly  not  based  upon  a  full  consideration  of  the  character  of  the 
azotic  radicals,  and  of  the  transmigrations  which  azote  undergoes  under 
the  pressure  of  different  chemical  forces.  These  transmigrations  I  have 
traced  in  great  detail,  and  I  may  say  that  it  is  demonstrated,  that  a 
cyanate  can  give  off*  carbonic  acid  as  readily  as  if  it  contained  carbonic 
oxide  or  even  carbonic  acid  ready  formed,  provided  you  supply  the 
radicals  that  are  necessary  to  occupy  the  azote  which  the  cyanate 
liberates  when  it  gives  off  the  carbonic  add.  It  is  sunply  a  question 
of  the  balance  of  the  powers  which  are  brought  into  simultaneous 
operation. 

Then,  in  regard  to  the  disengagement  of  ammonia,  we  find  that  a  ooid 
solution  of  an  alkali  does  not  liberate  it,  but  that  a  hot  solution  liberates 
it,  and  that  fusion  of  the  mixed  salts  in  the  dry  state  liberates  it.  A 
corresponding  action  has  been  described  in  the  treatment  of  isatine  with 
caustic  potash.  See  page  261.  In  that  case  a  cold  solution  of  KHO 
has  this  reaction :  ZIP  +  KHO  =  ZHK  +  HHO ;  while  a  hot  jsolution 
has  this  reaction :  ZH'  +  KHO  «  ZIPKO.  Applying  this  iUustratkm 
to  urea,  we  may  imagine  that  the  mixture  ZH^C^O  -f-  KHO  (co£df)  pro- 
duces ZIPKfCyO  +  HHO,  in  which  case  no  ammonia  Is  expeUed ;  but 
that  when  KHO  (hot)  is  applied,  the  reaction  becomes  ZH*,CyO  +  KHO 
=  KCyO  +  ZH*,HO(  =  ZH«,H  +  H,HO),  which,  of  course,  disengages 
ammonia.  In  the  presence  of  an  excess  of  potash,  the  reaction  does  not 
end  here,  but,  as  is  shown  by  reaction  3,  the  cyanogen  is  next  decom- 
posed, and  the  final  results  of  the  decomposition  of  the  urea  are  ammonia 
and  carbonate  of  potash. 

To  enter  farther  into  details  would  be  only  to  repeat  what  I  have  said 
in  the  sections  to  which  I  have  made  reference.  Briefly,  I  may- 
conclude,  that  every  one  of  the  reactions  of  urea  agrees  with  the  theory, 
that  its  true  constitution  is  that  of  cyanate  of  ammonia  =  ZH^CyO. 
The  notion  that  it  is  carbamide  »  ZH',ZIP,CO,  is  discordant  with  the 
whole  series  of  facts  that  have  been  disclosed  in  the  course  of  this 
investigation  of  the  theoiy  of  the  azotic  radicals. 
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Examples  of  tTreas. 

NoKKAIi  UEU. 

;  CyO     .     .     .     Ammona  cyan 

CkiMPonND  Urus.     Group  A. 
a.  ZH'.Cff  ;  CyO     .     .     .     Methylam  cya 


3.  ZIP.CH'  ;  C^O 

4.  ZH',CH'  ;  C^O 

5.  ZH',CH";CyO 

6.  ZH'.CH'  ;  (M) 

7.  Zff.CH'  ;  Ch-O 
6.  ZH'.e'ff;  CyO 


Ethylam  cyan 
AUvIaiu  GYBmi 
AmylAiQ  <^AU 
Phenylam  cys 
Toluenylam  q 
Napht)'lam  cy 


Cou  POUND  Ueeas.     (?n>up  B. 


9.  ZIP(C  H^VjCyO. 

10.  ZH'(CH')';CyO. 

11.  ZH'{CH")';C^O. 
13.  ZH\CH*)';{>0. 

13.  2H\CH')';CyO. 

14.  ZIP(C"'iF)»;CyO. 


Methyl^n  C71 
Ethylem  cyan 
Amylem  cyan 
Allytem  cyam 
PheDylem  C|ya 
Naphtylem  cy 


CoHroURD  UsEAS.     Otxtup  C. 
.  ZH?,C  H*,CH*  ;  CyO  .     .     Methylioethy 


16.  Zff.CH'.CH";  CyO. 

17.  ZIP.CH'.CTP  ;  QO  . 


Ethyjjc-omyla 
Etbyliopheny 


GouFOtrND  Ubeas.    Grmp  D. 

18.  Z(CTP)';CyO  .     .     .     .     E  thy lom  cyan 

Salts  op  Ubea. 

19.  ZH*,CyO  +  HN0*.     .     .     Ammona  cya) 

20.  ZH'jCyO  +  AgNO*     .     .     Ammona  cyai 

nitrite. 
31.  ZH'.CyO  +  aAgNO*  .     .    Ammonacyai 

33.  ZH*,CyO  +  HCO"  .     .     .     Ammona  cyai 
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23.  ZH\CyO  +  HCyO  •     .     .    Ammona  emanate  cam  hjdra 

cyanate. 

24.  ZH\CyO  +  Nad    •     •     .    Ammona  cyanate  cmn  natra 

chlora. 

25.  H,0yO  +  HOI     •     •     •     Hydra  cyanate   cmn  hydm 

chlora. 

26.  ZH»,CH';CyO  +  HNO»  .     Methylam  cyanate  cmn  hydra 

nitrite. 

27.  ZH",CTB[»;  CyO  + AgNO»     Phenylam  cyanate  com  ar- 

genta  nitrite. 

Theory  of  Compound  Ureas. 

The  Gompomid  Ureas  differ  from  Normal  Urea  precisely  to  the  sazne 
extent  that  all  the  salts  of  vice-ammoniums  differ  from  the  coirespooding 
salts  of  normal  ammonium,  namely,  by  the  replacement  of  H',  H",  £P, 
or  H^  of  the  ammonium  by  an  equal  number  of  equivalents  of  compooixi 
radicals.  The  compound  ureas  are,  therefore,  in  all  probability,  coo- 
structed  in  the  same  manner  as  normal  urea,  so  that  if  me  latter  is  to  be 
considered  as  a  cyanate  of  ammonium,  the  former  must  be  considered  as 
cyanates  of  vice-ammoniums.  1£  it  were  in  accordance  with  discovered 
facts  to  consider  normal  urea  as  carbamide,  it  would  be  equally  in 
accordance  with  &ct8  to  represent  the  compound  ureas  as  compound  car- 
bamides.  This  representation  is,  in  fiict,  made  by  many  chemists,  and 
I  have  quoted,  between  pages  298  and  301,  the  arguments  by  means  of 
which  one  of  the  most  distinguished  investigators  of  organic  bases  has 
endeavoured  to  fix  the  character  of  carbamides  upon  the  two  salts  that 
are  numbered  6  and  13  in  the  above  Table.  I  have  examined  the 
bearings  of  his  arguments,  and  pointed  out  their  weakness,  and  I  have 
drawn  firom  that  examination  the  conclusion,  that  the  doctrine  of  car- 
bamides is  invalid,  and  that  the  chemical  reactions  of  the  two  compoonds 
in  question,  demonstrate  that  they  are  undoubtedly  cyanates  of  vice- 
ammoniums.  Dr.  Hofmann,  as  I  have  shown,  decides  in  fiivour  of  the 
carbamide  theory.  Gerhardt  admits  that  *'  as  it  is  possible  to  represent 
ordinary  urea  as  a  cyanate  of  anunonia,  it  is  evident  that  oomponnd 
ureas  can  be  equally  expressed  by  similar  rational  formulae;"  but  he 
decides  in  fevour  of  the  '^  type  ammonia,"  and  gives  to  the  ureas  a  series 
of  formulas  of  which  the  following  are  examples : — 

r  00 

ICO 
(?H* 
CH" 
H« 
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In  these  formnlffi  C  =  i2,  0=:i6,  and  the  symbol  00  signifies  an 
oxidised  radical,  which  Gerhardt  calls  oarbonyh,  and  which  he  considers 
to  be  the  equivalent  of  H*.  These  formulse  represent,  therefore,  a  doable 
atom  of  ammonia,  and  neither  a  cyanate  nor  a  carbamide.  It  is  needless 
to  discuss  this  proposal,  because  I  have  explained,  at  page  233,  the  phi- 
losophy, or  rather  the  phantasy,  of  the  ammonia  type. 

UsuAii  Names,  Fobmuljb,  Derivations,  &c.,  of  the  Comfoui^d 
Ureas. — It  would  be  a  waste  of  time  to  go  over  the  compound  ureas, 
one  by  one,  and  recite  at  length  and  examine  critically  the  names, 
fommlffi,  and  theories,  that  have  been  attached  by  diilerent  chemists  to 
each  of  them.  A  glance  at  the  Table  from  No.  2  to  No.  1 8,  shows  the 
relative  compositions  of  these  salts,  and  how  completely  they  all  agree 
with  the  two  propositions,  that  they  are  cyanatesy  and  that  they  contain 
vkx-cmtmoniums.  In  Group  A,  we  have  ammonams ;  in  Groups  B  and  C 
we  have  ammonems ;  in  Group  D  an  ammonom.  I  shall  quote  a  few 
of  the  common  names  and  formulse,  in  order  to  identify  the  compounds, 
and  refer  to  some  of  their  modes  of  derivation  and  their  characteristic 
reactions ;  but  I  assume,  once  for  all,  that  I  am  speaking  of  cyanates  of 
vice^ammoniums,  and  I  shall  only  quote  other  formulse  to  explain  the 
views  of  other  chemists. 

Group  A.  Nos.  2  to  8.     Cyanates  of  Asrmumams. 

2.  Methyl-urea  =  IP(CW)N«C«0«,  MiOtr. 

He  describes  it  as  being  derived  from  methyl-cyanic  ether  (see  No.  431, 
page  250,)  and  ammonia,  thus :  CH'0,C*NO  -f-  H'N,  and  as  being  a 
urea  in  which  the  place  of  one  equivalent  of  hydrogen  has  been  supplied 
by  one  equivalent  of  the  radical  of  the  ether.     Thus : — 

Ordinary  utm  =  !?(    miWCJ  From  liydiated  cyanic  acid 
^  I      ^^^  ammonia. 

Methyl-orea     =  H.(CW)NK?0.{  ^'-^  ^^y^"  '"" 

It  is  evident,  that  this  is  a  reaction,  in  which  the  cyanate  of  a  compound 
hydrocarbon  is  converted  into  the  cyanate  of  an  ammonam,  by  the 
assamption  of  ammonia,  thus : 

ZH«H  +  CH»,CyO  =  ZIP,CIP;  CyO. 

Gmelin  gives  the  following  formulse  for  methyl-urea : 

C^H'N'O^  =  (?H«.CTa[«NK)»  =  C*|^^|n«0». 

Gerhardt's  formulse  on  the  ammonia  type  I  have  quoted  above  from 
Tol.  4  t>f  his  TraitL    In  vol.  i  he  gives  these  two  fonnulse : 
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?H1TO'  =  ^^^of.  i"  which  C  =  6, 0  =  8. 

'  tbese  fomrabe  is  fonned  on  the  model  of  water,  in  which  aae 
as  of  hydrogen  is  ossnined  to  be  replaced  bj  methyl,  and  tlte 
te  very  strange  compoond  NCyU*,  which  he  calls  cyantnmno- 
ng  which  exists  only  in  symbols. 

Daples  Nos.  3  to  6  I  may  pass  over  without  further  notice,  as 
names  and  formolie  would  be  parallel  to  those  of  methyl-uiea, 
:  the  same  omdeness.     No.  6  is  described  at  page  398. 

Gboup  B.  Nos,  9  to  14,     Cyanates  of  Ammoaems, 

cyaaates  of  basic  radicals  are  placed  in  contact  with  water, 
e  carbonic  acid  and  produce  cyanates  of  ammonems.     Thus : 

:yan8tel  JCHVCNOl  fZH'.CH»,CH»;  CNO  =  No.  9. 
p.  35o[  =  \Cltf,CNOl  =  J  CO* 

H,HOJ       I 
ts  Nos.  10,  II,  and  i3,  are  produced  in  the  same  my. 

I  been  fiilly  discussed  as  No.  90  of  tbe  aniline  eenee,  Na  14 
d  by  the  action  of  heat  on  the  oxalate  of  naph^lamine 
'°H' ;  CO*  =  naphtylam  carbete).  Usual  fuanea :  No.  9,  Di- 
a.  No,  10,  Diethyl-urea.  No.  11,  Diamyl-urea.  No.  11, 
i;  dlacryl-urea ;  sinapoline.  No.  ii,  Diphenyl-urea;  flavine; 
ilide.  No.  14,  Dinapbtyl-carbamide,  or  naphtalidamic  csrba- 
rill  notice  the  osual  ronnulEe  for  one  salt  only,  No.  13.  Hof- 
mula  I  have  quoted  at  page  300 : — 

rhardfs  (voL  ,)  =  C-ffW)«  =    ^^^^gS^S) 
f  CO 

rhaidt's  (vol.  4)  =  C"H'*K^  =  H'J(CTI»)« 

CW   ) 
Uer's  =  C"H'*N»0*  =   3(C"H*)In». 

>  specimens  it  will  be  seen  that  while  Hofmann  advocates  tbe 
theory,  Gerhaidt  first  proposes  the  model  of  water,  and  tfa«n 
lia  type,  and  that  in  the  last  form  he  is  followed  by  Hilkf. 


Group  C.  Nos.  i  5  to  17.    Cganates  of  A 

ilts  differ  from  those  in  Group  B  merely  by  containing  two 
impound  radicals  instead  of  two  equivalents  of  the  same  ccn- 
cal.     Usual  formulie  for  Ethyl-meUiyl-uies,  No.  15:— 


SALTS  OF  UBBA. 


Gerharft's  (vol.  i)  =  CTI^WO"  =   NCyH'(( 


Millers  -Uii  JN-U--  QfYp)!^  -  hoAO) 
H') 
Here,  restrictmg  ourselves  to  two  authois,  we  have,  firs' 
miila,  that  iimocent  thing  which  resembles  a  directio 
inscriptioD  rubbed  out,  and  which  does  Dot  seod  ds  est 
it  does  not  tell  us  to  go  anywhere;  secoudly,  we  ha' 
water ;  thirdly,  the  atmnonia  type;  to  both  of  which  I 
where  their  proper  modicum  (tf  praise ;  and  fourthly,  n 
fonnola,  which  assumes  the  salt  to  consist  of  hydiatei 
combination  with  the  ammonia  called  methyl-ethylami 
ethyla,  No.  2^,  page  200).  The  objection  whidi  I  I 
this  last  formula  is,  that  it  represents  an  extreme  improl 
amidogen  salt  ZH.CH* ;  C*H*,  put  in  contact  with  tl: 
H,CyO,  would  produce  the  ammonium  salt  ZH»,CIP,C? 
cannot  admit  that  the  non-pennanent  cyanate  of  amn 
converted  into  the  permanent  cyanate  of  animoiiium,  j 
time  insist  that  the  permanent  compoimd  cyanates  or  a 
retain  the  form  that  belongs  to  the  fugitive  cyanates. 

GRonp  D,  No.  18.  Z(C?H*)',CyO.  -HiAyfom  tr 
Miller's  name  for  this  salt  is  Telrethvl-urea,  and  his  i 


Gerhardt,  vol.  I  =  NCy  ^^h^'oJ -     Vol.  4 


0Cf 


C"H»N,0 
CyO 


Salts  of  Urea.  Nos.  19  to  37. 
Normal  area  and  the  compound  areas  combine  witi 
and  with  neutral  salts,  to  form  doable  salts,  such  as  ar 
the  Table  of  examples,  Nos.  19  to  37.  All  thecMupou: 
hydraled  add%  retain  their  acid  reactions.  There  is,  ol 
trolisation  of  the  saturating  capacities  of  the  adds  effect 
which  have  been  inconsiderately  and  improperljr  termed 
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combine  with  acids,  not  in  the  sense  in  which  anhydrous  potash  is 
assumed  to  combine  with  anhydrous  sulphuric  acid,  effecting  the  neu- 
tralisation of  its  acidity ;  but  in  the  sense  in  which  neutral  sulphate  of 
potash  combines  with  hydrated  sulphuric  acid,  producing  a  double  salt, 
but  not  affecting  the  saturating  capacity  of  the  hydrated  acid.  The 
application  of  the  texm  "  base  to  a  neutral  salt  when  acting  in  this 
manner  has  produced  much  of  the  ambiguity  which  pervades  most 
chemical  writings  on  the  subject  of  the  salts  which  contain  hydrogen. 

It  is  needless  to  enter  into  details  respecting  these  compounds  indi- 
vidually. Their  composition  is  evident  from  the  symbols,  and  I  osAj 
insist  upon  the  broad  &ct,  that  these  are  double  salts,  and  that  to  regard 
them  as  compounds  of  acids  with  a  base  is  improper.  Urea  is  never, 
under  any  circumstances,  a  *'  base." 


Terbasic  Cyanates. 

In  describing  Dr.  Hofmann's  Anilocyanates,  I  have  suggested  (see 
page  305)  that  these  salts  may  have  the  constitution  of  Terbasic 
Cyanates,  or  be  produced  by  the  combination  of  a  monobasic  cyanate 
with  a  salt  formed  on  the  model  of  water,  H,CIPO  -f-  C^',CyO 
=  H,CH»,C«IP ;  CyO».  See  Aniline,  No.  96,  and  No.  3  in  the  Mow- 
ing Table.  There  are  many  other  salts  that  have  similar  proportions  d 
ultimate  constituents,  and  which  are  liable  to  a  similar  interpretation ; 
while  the  processes  by  which  some  of  them  are  prepared,  and  the  pro- 
ducts of  their  decomposition,  give  strength  to  this  hypothesis.  Never- 
theless, many  of  the  facts  upon  which  we  must  build  the  theory  of  ter- 
basic cyanates  are  liable  to  so  many  other  interpretations,  that  I  can 
only  state  the  hypothesis  in  a  general  form  as  one  for  consideratkm^  and 
not  as  one  that  is  estMxshed,  Certainly,  the  arguments  which  I  have 
adduced  at  pages  305  and  306  ai*e  strongly  in  favour  of  the  suppo»tioo 
that  the  anilocyanates  are  terbasic  cyanates ;  but  the  evidence  respecting 
some  other  of  the  compounds  in  the  following  Table  is  neither  so  direct 
nor  so  conclusive  as  that  respecting  the  anilocyanates,  though,  as  it 
appears  to  me,  it  is  sufficientiy  affirmative  to  warrant  my  grouping  the 
compounds  into  a  class  for  future  investigation. 

We  cannot  produce  terbasic  cyanic  add,  because,  as  I  have  pointed 
out  at  page  ^38,  when  hydrated  cyanic  acid  =  H,CNO  acts  upon 
water  s  HHO,  they  are  resolved  into  ammonia  ZIPH  and  carbonic 
acid  »  CO*.  But  this  reaction  is  no  disproof  of  the  existence  of  terbasic 
cyanates,  containing  other  basic  radicals  than  H,H,H;  because  we  have 
examples  of  the  production  of  some  of  these  salts  by  the  direct  action  of 
hydrated  cyanic  acid  upon  hydrated  oxides  formed  on  the  model  of  vrater, 
as  will  be  seen  in  the  following  descriptions : — 
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Usual  Naues  and  FoRBTJLf  or  the  Tebbasic 

i].  H,H,CH';  CyO*.  Hydren  phenyls  cyanete.  A 
hmzamic  acid ;  carbanilidic  acid  =  C"H'NO'  =  HC 
00  =  HO.qO.C"H*N)C0*.  Hofmanti,  who  adds,  tl 
theee    three    adds    to    be    identic.      Phenyl-carbami< 

»u™,»ic  «nd  .  C'ffHC  .  ™(C"H')(COg^| , 

Anthranilic  add  (H0,C"H*N0»),  Jfiffir.     Benzamic 
amido-benzoic  add  =  C-ffNO*  =  HO,C''H*,H'N,0',  i 
many  other  formols  have  been    applied   to  those 
mposition  of  which  ia  not  nnderetood,  nc 
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decidedly  ascertained  whether  there  is  one,  or  two,  or  three  compounds 
of  different  properties  having  the  same  ultimate  composition  =  (THTNO^. 

While  suggesting  that  the  compound  No.  i  may  be  a  terbasic 
cyanate,  in  agreement  with  the  formula  H,HO  -f  C^*,CyO,  it  is  proper 
to  place  before  the  reader  some  of  the  other  formulse,  acoordijig  to 
which  the  ultimate  composition  may  be  interpreted. 

a).  CTi* ;  ZH* ;  CO".  This  represents  an  amide  derived  from  a  neutral 
carbonate,  having  one  equivalent  of  ammonium  and  one  of  phenyl,  thus : 

CTEi»;  ZH*;  CO'-HHO  *=  CTH*;  ZH«;  CO'. 

By  some  chemists  the  formula  a)  would  be  understood  to  signify  the 
carbamate  of  phenyl. 

5).  ZH,CH' ;  H ;  CO*.  This  represents  an  anilidogen  acid  derived 
from  the  bicarbonate  of  phenylam  by  abstraction  of  HHO : 

ZH«,0»H»;  H;  CO'-HHO  =  ZH,0»H*;  H;  CO". 

c).  ZlPidrO*.  In  this  case  all  the  carbon  of  the  compound  is 
placed  together  so  as  to  increase  the  acid  energy  of  the  n^ative  radical, 
and  the  nitrc^n  then  forms  an  amid  with  the  two  basic  radicals.  Most 
of  the  salts  in  the  table  are  liable  to  this  treatment,  but  it  happens  in 
regard  to  many  of  them  that  the  true  amids  having  the  same  ultimate 
composition  are  otherwise  known,  and  have  properties  that  difier  firom 
those  of  the  substances  that  are  referred  to  in  this  Table. 

The  formulae  which  I  have  quoted  from  Miller,  Hofmann,  and 
Gerhardt,  represent  acid  radicals,  which  include  carbon  in  combinatioa 
with  amidogen  or  phenylac  It  is  needless  to  resort  to  the  expedient 
of  framing  imaginary  conjugated  radicals,  while  we  have  before  us 
several  more  probable  and  more  simple  methods,  by  means  of  which  the 
transformations  of  the  compounds  can  be  sufficiently  explained.  Of 
these  several  formulae  I  prefer  that  which  regards  the  compounds  as 
being  terbasic  cyanates ;  but  we  have  not  sufficient  knowledge  of  facts 
to  be  able  to  decide  exclusively  in  favour  of  this  or  of  any  one  formula. 

Anthranilic  acid,  when  heated,  produces  aniline  and  carbonic  acid 
gas: 

H,H,0'H* ;  CNO"  =  ZH,C»H» ;  H  +  CO". 

The  formulae  marked  a),  (),  c),  suit  this  experiment  equally  well,  so 
that  the  experiment  proves  nothing  beyond  the  accuracy  of  die  clump 
formula  CTHTNO".  Benzamic  add  is  said  not  to  produce  aniline  when 
heated. 

2].  H,C^*,C^*;  CyO".  Hydra  phenylen  cyanete.  A  combination 
of  anilocyanic  acid  with  hydrated  oxide  of  phenyl.  Hofinanfu     Thus: 

CH»,CyO  +  H,CIPO  =  H,C"H*,OTH*;  CyO". 

3].  H,CH",CH» ;  CyO".      Hydra  methyla  phenyla   cyanete.      See 
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Aniline  g€].     A  compound  of  the  same  composition,  d 

CSiancet,  is  called  by  Gerhaidt   the  phenyl-carbanuite  o 

carbon  i  metby  lane. 

i],  H.Cff,CH';  Cy<y.  Hydra  ethyla  phenyla  cyanete. 
[  Also  Chancel'a  compound,  called  by  Gerhardt  phei 
ethyl,    or  carbanilethane.     This  last  componud  is   i 

anunonia  into  alcohol  and  anil»-urea  (Aniline  89): 

H,CH',C?H'';CyO*l    _    IZH'.CH';  CyO  =.  Anil 
ZIPH  i   ~    \  H,CH*0  =  Ale. 

5I.  H.CH",C?H*;  CyO*.      Hydra   amyla    phenyla    c 

Aniline  98]. 

6].  H,K,C°H';  CyO*.  Hydra  potassa  phenyla  cranete. 
of  potash.     Phenyl-carbamate  of  potash.     Scarcely  tnown 

7].  H,Na,OH';  CyO*.     Hydra  natra  phenyla  cyanete. 
zoate  (Benzamate)  of  soda  =  C"H*Na(NH')0*,  Voit. 
Chtm.  Soc.,  is.  2bg. 

8,  9,  10,  11}  Amido-benzoates  or  benzamates  of  bar 
lime,  and  magnesia ;  described  by  Yoit,  (Joe.  cit.')  Ti 
phenyl-carbamate  of  lime.  Chancd. 

13].  HiAgiCH";  CyO",  Hydra  argenta  phenyla  cyai 
uilate  of  silver ;  anthraiiilat«  of  silver;  beuTamate  of  silver 

ij].  H,Cuc,CTI';  CyO*.  Hydra  copric  phenyla  cyai 
mate  of  copper ;  carbanilate  of  copper. 

14].  H,H,CH';  CyO".  Hydren  methyla  cyanete.  Tv 
answer  to  this  formula,  both  of  which  have  undergone,  anc 
much  discussion.  Whether  or  not  either  of  them  be 
category  has  yet  to  be  finally  determined.  They  are  nam 
(carbamate  of  methyl  or  cartx»nethylane)  and  glycocoll. 

Urethylane  is  formed  by  saturating  wood-spirit  wit! 
of  <7anic  add.  This  reaction  gives  ns  H.CffO  +  HC 
precisely  the  composition  of  a  terbasic  cyanate.  It  is  aLt 
passing  gaseous  chloride  of  cyanogen  into  wood-spirit  mis 
which  is  also  in  accordance  with  this  idea : 

H.CH-O  +  HHO  +  Cya  =  H.H.CH';  CyO*  + 

It  sofiera  the  following  decompositions : 

H,H,CH» ;  CNO"!  (ZH'.SO*  Sulphate 

il.  Solphnricadd      H;     SO«l  =  Jh.CHK)  Wood  sp 

Water           H;    HOJ  [        CO*  Carbonic 

H.H.CH';  CN0»1  fKK,CO'  Carbonat 

1  r.    «■       *.,!,     fKjHO     I  =   JH,CIPOWood8f 

2.1  Cauttic  potash    Jj^Ijjq    j  lzH',HAmmoni 
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These  reactions  are  precisely  such  as  arise  from  the  deooropo^tioii  of  a 
compound  that  contains  cyanogen,  and  agree  perfectly  with  Formula  14]. 

Urethylane  is  also  called  carbamate  of  methyl,  and  is  assomed  to 
contain  the  hypothetical  carbamic  acid.     See  page  359. 

Glycocoll,  or  sugar  of  gelatine,  is  obtained  by  the  action  of  alkalies 
and  acids  upon  gelatine.  It  combines  with  acids  without  neutralising 
them ;  its  solution  reddens  litmus  feebly ;  these  are  characters  which 
agree  very  well  with  the  above  formula.  It  can  exchange  H^  for  a 
metal,  especially  for  Zn,  Cue,  Pb,  Ba,  and  Ag.  Nos.  15  and  16  in  the 
Table  are  examples  of  such  salts.  They  can  be  formed  by  heating  the 
hydrated  oxides  of  the  metals  with  a  solution  of  glycocoll : 

H,H,CIP;CyO"l    _   JH,Ba,CIP;  CyO» 
Ba;HOj    "*   t  H  ;  HO. 

When  glycocoll  is  boiled  with  acetate  of  copper,  acetic  acid  is  expelled, 
and  a  compound  of  glycocoll  with  oxide  of  copper  is  obtained  in  solu- 
tion: 

H,H,CIP ;  CyO«\         jH.Cuc,CH» ;  CyO« 
Cuc;C*H»0«[    *    I  H;CTa»0«. 

15]  and  16].  Salts  of  glycocoll.     See  last  note. 

1 7].  H,H,C*H*;  CyO\  Hydren  ethyla  cyanete.  The  dump  for- 
mulae of  several  known  compounds  agree  with  this  formula.  The  most 
important  of  these  are  urethane  (or  carbamate  of  ethyl),  sarkosine, 
alanine,  and  lactamide.  But  if  there  exist  several  acid  radicals  having 
the  formula  CH^  respecting  which  I  have  made  some  inquiries  in  the 
section  on  glycerin,  it  is  probable  that  there  are  several  amides  isomeric 
with  lactamide.  The  compounds  that  are  here  referred  to,  ihoagh 
alike  in  ultimate  composition,  differ  from  one  another  in  certain  pro- 
perties, but  have  not  had  their  characters  frdly  determined.  &  is 
therefore  impossible  to  say  how  many  of  them,  if  any,  ought  to  be 
embraced  in  the  category  of  terbasic  cyanates.  I  do  not  enter  into 
details,  because  I  find  among  them  no  facts  that  point  out  condosiTe 
arguments  respecting  the  proximate  composition  of  these  several  salts. 

18].  H,C*H*,C»H*;  CyO*.  Hydra  ethylen  cyanete.  Ethylurethtne, 
or  ethyl-carbamate  of  ethyle  =  C'^ff^NO*  =  OH«(C*H*)NO,  GerhardL 
Produced  by  heating  cyanate  of  ethyl  with  alcohol  in  a  closed  glass  tube, 
thus: 

H,C«H»0  -f  (m»,CyO  =  H,Cra»,(?IP ;  CyO^. 

It  is  decomposed  by  caustic  potash,  which  produces  alcohol,  ethykmine, 
and  carbonate  of  potash,  thus : 

H,C*HK)  +  C«H»,CNO)         rH,C?H»0        Alcohol. 

KHOl   =   ^ZH,C*H*;HEthylamine. 
KHOj  IkK,CO»         Carbonate  of  potash. 
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When  beated  with  coDCentnited  solphi 
add,  sulphate  of  etbylemioe  and  Bulpbov 

H.CH'.Cra'.CNO*  I  1  ZIP.CW ; 

H,SO'(  _    I       JCTI';. 

H,SO»[  ~    1       1     H  ; 
H,SO*)  ( 

These  reactions  all  agree  with  the  theory 
cranate,  coctoiniag  two  atoms  of  ethj). 
19].  H,H,eH";  CyO*.  Hydren  an 
or  carbamate  of  amyle,  discovered  by  M 
Chem,  Soc.,  ii.  3 13).     Fonnulffi  : 

=  C"H''NO*  =  CH-N  +  3C 

This  salt  was  produced  by  the  action  o( 
ale  (1.  e,  the  chloric-formylete)  of  amyle 

CH",cao"i  _  (I 

ZH'H  +  ZH*Hf    ~    I 

When  this  salt  is  distilled  with  caosti 
carbonic  acid,  and  hydrated  oxide  of  am 
HJI.CH" ;  CNC) 

BaHol  = 
BaHoJ 

When  heated  with  sttlphnric  acid,  it 

ammonia,  with  evotution  of  carbonic  ac 

HJI.O'H" ;  CNO*)  (CH", 

HSO-l   =   {       H, 

HSO*)  IZIPH 

The  sulphnrous  acid  must  have  procee<j 

sition  of  part  of  the  sulphamylic  add. 

These  reactions  show  that  amylo-nn 
character  of  a  terbasic  cyanate. 

Another  compound  which  correspont 
nrethane  in  leucine ;  but  though  its  reac 
those  of  amylo-urethane  that  its  compos 
yet  there  are  many  points  of  resemblan< 
Ibim  salts,  of  which  the  following  is  1 
By  diy  distillation  leucine  produces  am 

H,H,CH"  J  CNO»  =  ZH 
30].  H,H.C*H';  CyC.  Hydrenbnt] 
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;  tetrylic  nrethane  =  C'TH"NO*,  Gtrhardt.  It  is  pro- 
;  to  Huniann,  by  acting  oa  butybc  alcohol  with  liqiud 
Qgen: 

CH',CH»;CO'      =   Carbonate  of  bntyU 
H,H,CH»;CNO*  =    No.  ao]. 

CH" ;  CI         =    Chloride  of  bntyl. 
ZH';  CI         »  Sal-ammoniac. 

ann,  the  formula  ia 

This  is  interpreted  in  GmeUn's  ffandboolt  (x.  149) 

the  salt  is  a  compotmd  of  carbonate  of  butyl  with 
H'O.CO'  +  CNH'O.  The  objections  to  this  supposi- 
includes  belief  in  a  compound  of  the  existence  of  vhich 
lence  (carbamide,  see  page  aai),  and  that,  beudes  diis, 
ss  probable,  and  the  formula  more  complex,  than  the 
sponding  fonnuta  now  advanced. 
1';  CjO*.     Hydren  toluenyla  cyanete.     The  toloamic 

H" ;  CyO*.     Hydren  cnmenyla  cyanete.     The  camin- 

',ZH' ;  CyO*.  Methylen  ammona  cyanete.  A  com- 
thylic  ether  =  CE'iCH"©  with  cyanate  of  ammonii 
rhia  is  Gmelin's  anhydrous  carbonate  of  methylamine 
Gerbardt's  fomiul«  are  C0*,2G^*N  and  CH' 
He  aaaumes  in  it  the  presence  of  a  methyl-carbomk 
I*,  of  the  existence  of  which  we  have  no  proof,  and  fix 
no  necessity.  The  salt,  33],  is  produced  by  the  con- 
volumes  of  carbonic  acid  =  CO*  with  four  volumes  of 
e  page  61  =  2(Zfi,CH' ;  H),  and  the  product  might  be 
:  ZH'.CH" ;  ZH,CH' ;  CO*,  in  which  form  it  is  analogous 
as  carbonate  of  ammonia.  See  No.  i]  in  the  series  of 
nmonia  on  the  next  page. 

H',ZH*;  CjO".  Ethylen  ammona  cyanete.  This  salt 
mpositjon  to  No.  23],  excepting  that  it  contains  methyl 
It  is  subject  to  we  same  diverai^  of  explanations, 
to  another  hypothetical  acid,  the  ethyl-carbemic  acid. 
gc,ZH' ;  Cj'C  Merenic  ammona  cyanete.  This  salt 
successive  portions  of  red  oiide  of  mercury  suspended  in 
.with  a  warm  aolution  of  area; 
,HgcO  +  ZH*,CyO  =  Hgc,HgcZH*;  CjC. 
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a€].  H,H,ZH' ;  CyO'.  Hydren  ammon 
like  toe  "  acid"  which  correepoada  to  the 
occurrence  is  possible :  H,HO  +  ZH'.CyO, 
of  ammonia  osmbioed  with  an  atom  of  i 
show  in  the  note  to  No.  i]  of  the  caibtM 
compoond  has  better  claims  to  a  difierent  in 


The  Carbonates  of  A 


ZH*,  ZH»,CO* 
ZH*,  ZH*,CO» 
ZH',  ZH',CO* 
ZH',  Zff.CO" 
H,      ZH'.CC 

H,    za;c(y 

H.  ZH'.CO* 
ZH*,  ZH»,CO» 
ZH*,  ZH*,CO* 
ZH*,  ZH'.CO" 
ZH*,  ZH*,CO' 
H,  ZH',CO* 
H,  ZH-.CO" 
ZH*,  ZH*,CO' 
ZH',  ZH*,CO» 
ZH*,CO» 
ZH*,00» 
ZA'CC 
ZH*,  ZH'.CO" 
Zff.CO* 
H,  ZH',CO* 
(3HHO) 
i(H,  ZH*,C<?) 
HHO 
^    J4(H,  ZH'.Cm 

°-  r       HHO; 

(ZH*,  ZH*,CO' 
I.  i6fB,  ZH*.CO'" 

\  5(HH0; 

(8(H,  ZH*,CXy 
3.  i  CO" 

t  3(HH0). 

[Id  the  above  table, 


AmmottB  ami< 
Ammona  amc 
Ammona  ami 
amida  carbc 
Hydra  ammot 

Bis  hydro  am 
amida  carb< 


Hydia  ammoi 
Tetrakis  hydn 


Octakis  hydro 

aqnete. 
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carbouateB  of  ammonia  are  all  described,  after  the  researcbes  of 
Bose,  in  Gmelio's  Hcaidbook  of  Chemistry,  vol.  ii.  pagea 
35.  In  Gmelin'a  fonnul*,  C  =  6  and  O  =  8.  The  di&aence 
these  atomic  weights  and  those  which  I  have  adopted,  caaaea 
Ferences  to  appear  in  the  formula  of  the  saits. 
lit  No.  i]  =  ZH',ZU',CO'  is  produced  whm  carbonic  add  gag 
lonia  gas  act  upon  one  another.  In  whatever  proportitms  thf<j 
1,  they  always  combine  and  condaise  in  the  propi^oits  of  tnt) 
of  carbonic  acid  r^  1  atom  CO*  and  four  volumes  of  anunonia 
ns  or  ZHII  +  ZH'H.  This  compound  is  noticed  in  the  TaUe 
IS  the  hypothetical  carbamate  of  aounonia.  The  atomic  meaimre 
limes,  which  is  the  measure  of  its  component  gases.  Gmclincalk 
anhydrous  mono-carbonate  of  ammon  =  NffiCO*.  Gerfaaidt 
this  salt,  that  "  the  density  of  its  vsponr  has  been  foond 
0'9,  Bineau,  or  to  0*8993,  Ease,  and  that,  consequently,  the 
CWaNH"  corresponds  to  eight  volumes,  like  those  of 
vte,  snlphhydrate,  and  chlorhydrate  of  animctiia,"  IVaii  de 
.  196.  This  is,  however,  a  mistake;  the  mmsnre  is  six,  not 
lames,  and  it  disagrees  with  the  measure  of  the  otlicr  gaseous 
mmonia.     See  pages  50  and  99. 

lit,  No.  i],  may  be  conceived  to  be  formed  from  the  neutni 
i  of  ammonia.  No.  a],  by  the  abstraction  of  an  atom  of  HHO, 

(ZH*0  +  ZH'O  +  CO)  -  HHO  =  ZH*0  +  ZHKX). 

ZH*,ZH',CO*.  This  is  the  neutral  carbonate  of  ammi^a.  It 
^  when  the  salt  No.  i  is  dissolved  in  water : 

ZH'.ZH-.CO*  +  HHO  =  ZH*,ZH^CO'. 

aumot  be  procured  in  the  solid  state.  When  the  aqneom 
is  evaporated,  ammonia  =  ZH'H  escapes  before  the  salt 
es,  and  a  more  add  product  is  lei^. 

H',ZH',CO*  +  ZH',ZH',CO».  This  is  Gmelin's  hydrated  mono- 
jof  ammonia  =  aNH'.HO.aCC,  or  NIP.CO* +  NH',HO,00*. 
ystalline,  it  may  be  sublimed  without  change  in  oompodtiOD; 
is  dissolved  in  water,  it  cannot  be  recovered  IVom  the  solution ; 
even  at  ordinary  temperatures  in  vacuo,  ammonia  is  disengaged 
ind  an  acid  salt  is  obtained."  Gmeiwt.  I  consider  the  sola&ao 
n  the  salt,  No.  3],  because 

ZH';ZH'',CO'  +  HHof  =   3CZH',ZH*,C0»). 

,ZH*,CO*.  This  salt  is  Gmelin's  bicarbonate  of  ammonia  with 
ns  of  water  =  NH-.HCCO*  +  HO.CO".  A  crystalline  salt, 
>lc  and  less  volatile  than  tlie  neutral  salt  No.  3]. 
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Of  conise,  No.  3  and  Na  4  are  the  two  normal 
eioiD.  All  the  other  salta  in  the  Table  are  modifies 
of  these  two. 

5I  aCH.ZH'.CO")  +  ZH*,ZH',CO'.  Acompo 
the  bicarbonate  of  armnoniuin  No.  4],  and  one  ab 
salt  No.  i].  This  is  Gmelin's  sesquicarbonate  ol 
atoms  of  water  —  3NH',aH0,jCC^,  or  accordin] 
-l-NH'.aCO'.aHO,  It  is  the  carbonate  of  ammonia 
the  vapour  of  anhydrous  sulphuric  acid  is  passed  o 
acid  gas  is  diseng^ed,  and  ordinary  sulphate  of  an 


f  H,  ZH'.CO" 
{  H,  ZH'.CO" 
(ZH'.ZH'.CO* 

s.so* 
s.so*. 


fZB*,SO 
ZH*,SO 
.  ZH',SO' 
ZH'.SC 
3(CO 

"  The  salt  efHoresces  in  the  air,  forming  a  IHabli 
of  ammonia,  while  anhydrous  carbonate  of  anunt 
Thus: 

No.  5]  =   No.  4]         +  N 

When  the  sesquicarbonate  No.  5]  is  acted  uponwi 
water,  neutral  carlxinate  of  ammonia  is  first  dissol 
is  left  undissolved.  By  the  action  of  successive  sn 
series  of  solutions  are  obtained  which  differ  in  the 
monocarbonate  and  bicarlx>nate  of  ammonia.  If,  0 
salt  is  dissolved  in  a  large  quantity  of  water,  and  t 
carbonic  add  is  disengaged,  and  the  proportion 
aaunonia  is  increased.  The  instability  of  these 
aqneoos  solution  and  when  exposed  to  air,  giv« 
variety  of  mixtures. 

6].  sCZH'.ZH'.CO*)  +  a(H,ZH',CO^.  A  com 
of  neutral  carbonate  of  ammonia  No.  3]  with  two 
Vo,  4].  Gmelin's  five-fourths  carbonate  of  ammoi 
water  =  4NH',5CO',5HO,     Sublimes  when  the  e 

7].  a(ZH*,ZH',CO*)  +  3(H,ZH*,C0')  +  ZH*, 
of  two  atoms  of  No.  a],  two  atoms  of  No.  4],  anc 
Gmelin's  five-fourths  carbonate  of  ammonia  with 
=  4NH',5CO',4HO,  or  a(NH',HO,CO')  4.  aNH 
cording  to  H.  Rose,  ^(NH'.CO')  +  NH'O.aCO 
same  process  as  No.  6J.  There  is,  according  b 
which  contains  la  atoms  of  water. 
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8].  ZH*,ZH\CO»  +  2(H,ZH*,C0»)  +  2Aq.  A  compoand  of  ooe 
atom  of  neutral  carbonate  No.  2],  two  atoms  of  bicarbonate  No.  4],  and 
two  atoms  of  water.  Gmelin's  sesquicarbonate  of  ammonia  wiuk  five 
atoms  of  water  =  2NH»,  3C0»,  5  HO. 

When  the  sesquicarbonate  No.  5]  is  in  solution  in  water,  it  may  be 
considered  to  be  constituted  as  follows :  2(H,ZH*,C0»)  +  ZH*,ZH*,bO". 


9].  2(H,ZH\C0«^+Aq. 

loj. 


4(H,ZH*,C0»)  4.  Aq. 

The  bicarbonate  ot  ammonia  No.  4]  combined  with  a  little  water  of 
crystallisation. 

11].  ZH*,ZH*,CO»  +  6(H,ZH*,C0»)  +  5Aq.  A  compound  of  six 
atoms  of  bicarbonate  of  ammonia  with  one  atom  of  neutral  carbonate  and 
five  atoms  of  water.  Gmelin's  seven-fourths  carbonate  of  ammonia 
=  4NIP,  700«,  12HO,  or  probably  «  NH»,HO,CO»  +  3(NH«,H0, 
2C0«)  +  8H0. 

12J.  8(H,ZH*,00*) -f  CO*  +  2 Aq. 

Eight  atoms  of  bicarbonate  of  ammonia  with  one  atom  of  carbonic 
acid  and  two  atoms  of  water.  Gmelin's  nine-fourths  carbonate  of 
ammonia  =  4NH',9CO",ioHO.  Produced  by  evaporating  the  salt 
No.  5]  over  oil  of  vitriol  in  vacuo.     Probably  only  a  mixture. 

It  appears  fi'om  this  investigation  that  the  carbonates  of  anrnionia 
when  in  solution  in  water  consist  of  the  neutral  carbonate  No.  21  or  the 
bicarbonate  No.  4],  or  mixtures  of  these  two  normal  salts ;  that  the 
sesquicarbonate  No.  5]  when  in  solution  contains  two  atoms  of  bicar- 
bonate and  one  atom  of  neutral  carbonate,  and  that  the  various  silts 
upon  being  crystallised  take  up  water,  and  when  sublimed  lose  water, 
and  are  partly  changed  into  amidogen  salts.  The  instability  of  the 
.carbonates  of  anunonia,  and  their  great  tendency  to  combine  with  one 
another,  give  rise  to  a  series  of  complicated  formulae ;  but  the  theory 
of  their  constitution  is  very  simple. 

The  practice  of  representing  multiple  salts  as  containing  all  their 
bases  in  a  clump,  direcdy  combined  with  all  their  acids  in  another  dump, 
is  one  of  those  vicious  practices  grown  out  of  the  theory  of  '*  adds" 
and  "  bases,"  which  have  produced  great  confusion  in  chemical  theories, 
and  much  impeded  the  progress  of  organic  chemistry.  While  the 
carbonates  of  ammonia  may  all  be  represented  as  multiple  salts  contain- 
ing the  neutral  carbonate,  the  bicarbonate,  and  the  amidogen  saltNa  l\ 
t.  e.  the  so-called  carbamate,  we  find  Gmelin  representing  them  by  sam 
formulae  as  these : 


2NIP  +  iHO  +  200" 
2NIP  +  2HO  +  3CO" 
4NH»  +  5HO  +  500« 


4NH».f  4H0-f  500». 
2NH»+  5HO  +  300". 
4NIP  +  loHO  +  900». 
4NIP+i2HO+7(Xy. 


These  formulae  show  us  the  materials  with  which  the  salts  are  prepared, 
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or  the  product)  which  result  from  tlidr  decompod 
belief  in  the  truth  of  the  doctrine  of  combinalioD  ii 
can  give  plaosibility  to  the  notion  that  we  have 
representations  of  the  proximate  coustitntioii  of  it 
of  ammonia  to  which  these  formntEe  refer. 


The  Carbamatee. 

If  we  sappoee  the  oeutral  carbonate  of  ammonii 
CO*,  to  be  deprived  of  an  atom  of  water,  we  hi 
GompooDd  ZH'iZH'.CO*,  which  I  have  describe 
carbonates  of  ammoiiia.  If  we  suppose  the  salt 
second  atom  of  water,  it  is  then  reduced  to  ZH*,Z: 
to  ZH*,CNO,  the  last  of  tltese  formnlte  rept 
ammonia,  and  the  preceding  one  carbamide,  both 
have  been  already  fiilly  discussed  at  pages  asi  ant 

If,  on  the  other  hand,  we  suppose  an  atom  of  v 
from  an  atom  of  bicarbonate  of  ammoDia,  the 
H,ZH',CO»;  since 

H,ZH*,CC?  -  HHO  =.  H,ZIP,< 
This  product  does  not  appear  among  the  many  cai 
nor  has  it  been  produced  by  any  experiment  wh 
it  forms  an  im^pnary  acid,  which  chemists  havi 
bamic  acid,  and  in  which  it  is  assumed  tbat  tt 
carbonic  add  form  together  a  conjugated  acid  wh 
with  a  replaceable  atom  of  basic  hydrogen 
ITO  +  Za'.CO.  According  to  this  theory,  wh. 
basic  radical,  we  have  a  Carbamate,  of  which  kinc 
'  may  serve  as  examples : 

ZHSZJP.CO*   =   Carbamate  of  ammoniE 

CH',ZH«,CO*   =   Carbwuateofmethyl,  I 

C^'.Zff-.CO"   =   Carbamate  of  ethyl,  or 

CH",ZH',CO*  =   Carbamate  of  amyl,  or 

CH»  .ZHVCC  =   Carbamate  of  butyl,  or 

The  view  which  it  seems  necessary  to  take  of  thi 

the  idea  of  the  existence  of   carbamates,  is,   ' 

componnds  of  oiamide  with  oxides  of  the  pcsi 

ZH'O  +  ZffCO,   and  CIPO  +  ZITCO.      Tbat 

an  unlikely  composition  for  the  carbamate  of  amn 

as  No.  I  of  the  carbonates  of  ammonia ;  but  as  n 

where  we  have  no  second  atom  of  azote  to  deal ' 

seema  to  be  less  probable  than  that  of  terbasic  cym 
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cordinglj  included  the  above  four  urethanes  among  the  terbasic  emanates : 
see  Nos.  14,  17,  19,  and  20  in  that  series.  This  operation  enables 
us  to  dispense  with  the  hypothetical  carbamic  acid,  which,  having  the 
theoretical  composition  of  one  atom  of  ammonia  combined  wilh  one 
atom  of  carbonic  acid,  will  probably  never  be  produced,  for  the 
same  reason  that  it  is  impossible  to  form  the  terbasic  cyanic  add.  See 
page  348.  Even  the  carbamate  of  anmionia  can  be  represented  as  a 
probable  member  of  the  group  of  terbasic  cyanates,  as  I  have  shown  at 
No.  26  in  that  series:  ZH*,ZIP,CO"  =  H,H,ZH*;  CNO*. 

The  Ureides. 

1.  ZH',CfH»;  CyO*  •    .    .    .  Acetylam  cyanete. 

2.  ZH*,C*H' ;  CyO"  .    .     .     .  Butyrylam  cyanete, 

3.  ZIP,C*H^  CyO«  ....  Valerykm  cyanete. 

4.  ZIP,(7H* ;  C^O*  ....  Benzylam  cyanete. 

BlAMmOBENZOIC  ACID. 

5.  ZIP,CH* ;  CyO«    •     .    .    .     Phenylam  cyanete. 

The  ureides  differ  from  the  compound  ureas  by  containing  two  atoms 
of  oxygen  instead  of  one  atom.  That  is  the  main  difference.  The 
ureides  all  contain  acid  radicals  in  their  anmioniums.  The  ureas  some- 
times contain  acid  radicals,  but  in  general  they  contain  basic  radicals. 
According  to  Miller  (^Elements  of  Uhemistn/y  iii.  617),  the  ureides  are 
''  salts  of  urea  from  which  the  elements  of  water  have  been  abstracted;'' 
but  if  we  look  at  the  salts  of  urea  formulated  in  the  Table  at  page  U3i 
Nos.  19  to  27,  we  shall  be  puzzled  to  find  a  single  example  of  a  salt  of 
urea,  which  is  convertible  into  a  ureide  by  the  abstraction  of  the 
elements  of  water.  Indeed,  as  every  ureide  is  equivalent  to  an  entire 
compound  urea  +  OS  it  is  evidently  impossible  to  convert  a  compoond  < 
urea  into  a  ureide  by  abstracting  from  it  the  elements  of  water. 

The  ureides  No.  i  to  No.  4  were  formed  by  Zinin  and  Moldenhaoer 
by  acting  on  urea  with  oxychlorides  of  acid  radicals.     Thus : 

ZH*,CyO  +  (?H»,C10  =  ZH",C«H»;  CyO*  +  HCl. 

Ammona   ,    Acetyla  Acetylam         ,  Hydra 

cyanate.   "*"  chlorate.  ^        cyanate.         "*"  chlora. 

Nos.  2,  3,  and  4  were  formed  in  the  same  manner. 

According  to  this  view  of  the  composition  of  the  ureides,  they  are 
Monobasic  Cyanetes,  which  form  a  remarkable  contrast  with  the 
Terbasic  Cyanetes ;  there  being  to  the  same  quantity  of  cyanogen  com- 
bined with  the  same  quantity  of  oxygen,  in  the  salts  of  one  series,  one 
basic  radical,  and  in  those  of  the  other  series  three  basic  radicals : 

M,M,M;  CyO«  =  Terbasic  cyanate.    |   ZH*;  CyO«  =  Ureide. 
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UsiTAL  Naueb  ahd  Foituni.£  OF 


Acetureide  =  H",  CIPO*,I 
.  Bntyrureide  =  H",  CH'O",! 
Valenireide  =  H'.C'H'O',! 
H'.CH'O'.E 


Gerhardt's  names  are — i],  Acetyl-urea;  2] 
ryl-utea;  4I,  Benzojl-urea.  He  gives  two 
tome  iv.  of  Lis  lVait4  de  Chimie. 

At  page  765. 

I"  CO 
il.     CTI'lTO'   -=  NVC?HK> 

Ih- 

1  CO 
3].    CH'^IW  =  ^'■{CffO 

i  W 
3].   CB"N*<y  =  N'^ciro 

1  H* 
f  CO 
4].    CJPNKfi  =  N'^Cm'O 


i].  (?B 

2].  C'*l 

3].  CI 

4].  C'] 


Two  autbors  thus  supply  us  with  five  formi 
We  have  the  clump  formds,  both  with  large 
C  and  0 ;  we  have  the  model  of  water,  inclu' 
impossible-ammonium  NCyH" ;  we  have  the  d 
finally,  we  have  a  series  of  fonnulte  formed 
after  no  model. 

Gerhardt  qootea  the  following  decompositic 
the  composition  of  these  ccHnpoimds : 

jOH^'O*      =    cfmy 

Acetyl-urea.       =   Cyanuric  add.    ■ 


•(92)' 


(  CO 
jWCIPO 

I.H-  , 

Acetyl-urea.         Cyanuric  add. 

3C*H»NK)«  =     CyTPC 

B^izoyl-urea.  =  Cyanuric  add.  ■ 
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According  to  the  radical  theory,  these  decompositions  can  be  repre- 
sented in  a  &r  simpler  manner : 

ZH»,(?H»;  CyO*         =         H,CylO         +     ZH,CTa»;  H. 
Acetylam  cyanete  =  Hydra  cyanylate  +  Acetylac  hydra. 

ZH»,(7H» ;  CyO»         =         H,CylO         +     ZH,(7H»;  H. 
Benzylam  cyanete         a  Hydra  cyanylate  +  Benzylac  hydra. 

The  BiAMiDOBENZOic  Acid,  which  I  have  marked  as  No.  5  in  the 
Table  of  Ureides : 

=  ZH»,CTP;  CyO*    Phenylam  cyanete, 

has  been  formulated  in  this  work  at  No.  472,  page  2^4,  as  a  nitrete 
e  ZH'.CrH*;  NO*.  See  the  notice  of  the  compound  and  reference 
made  to  the  discoverer's  memoir.  The  formula  given  by  him  is 
C*^H*(NH')\)^,  which  signifies  nothing,  and  which  is  capable  of  90  many 
re-arrangements,  that,  in  the  absence  of  a  more  extended  account  of  the 
chemical  reactions  of  the  compound  than  he  has  yet  given,  one  can  settle 
it  nowhere  with  certainty.  It  is  only  certain,  that  ^e  substance  has  no 
claim  to  the  character  of  an  acid.  If  it  contains  benzyl,  it  is  probably  a 
nitrete.    If  it  contains  phenyl,  it  is  more  likely  a  monobasic  cyanete. 


The  Allophanates. — Tetrabasic  Cyanates. 

In  accounting  for  the  composition  of  the  different  kinds  of  phosphates, 
I  have  shown  (page  139)  that  what  are  termed  hibasic  phosphates  axe 
compounds  of  monobasic  phosphates  with  tribasic  phosphates,  and  that 
they  therefore  contain  four  basic  radicals  and  two  acid  radicals.  In  the 
same  way,  other  tribasic  salts  combine  with  their  corresponding  mooo- 
basic  salts,  and  produce  compounds,  each  of  which,  like  the  tribasic 
phosphates,  contains  four  basic  and  two  add  radicals,  and  which  may  be 
called  either  bibasic  or  tetrabasic  salts,  according  as  we  speak  in  refezenoe 
to  one  or  to  two  atoms  of  their  respective  acids. 

Among  the  acids  which  produce  double  salts  of  this  descriptioii,  I 
think  we  may  place  the  cyanic  acid.  The  compounds  to  be  cited  in 
evidence  of  the  propriety  of  this  suggestion  are  not  very  numerous,  bat 
it  is  probable  that  their  number  will  speedily  increase  if  this  suggestion 
is  found  to  bear  uninjured  that  strict  examination,  which  all  suggestions 
of  this  description  are  foredoomed  to  undergo. 

The  structure  of  a  tetrabasic  cyanate  may  be  shown  thus ; 

Analytica]  fomrola.  Synoptical  fonsula. 

{h,HO  +  h'cNo}  "^  H,H3.C?ff;  Cy«0». 


THE  ALLOPHASATEE 

The  strongest  objectioD  to  this  theory  exists 
sence  of  four  positive  radicaU,  the  two  atoms 
to  produce  two  amidi^ns,  and  leave  the  cai 
The  above  compound  would  then  assume  the 
I  ZH*;CO  » 
tZH,CTJ';COOf 
This  is  an  amidogen  salt,  agreeing  to  a  certaii 
described  at  page  226,  but  difTering  Irom  tl 
aitunon  instead  of  a  non-ozotised  radical  in  tl 
is  a  difference  which  renders  the  existence  of 
probable. 

Table  of  AUopban 

1.  H.HJI.CTPjCv*©'  .  .  .  Hyd 

2.  H,H,H,CH';Cy'0'  .  .  .  Hyd 

3.  H,H,H,CH";Cy*0'  .  .  .  Hyd 

4.  H,H,H,Ba      ;  <yO*  .  .  .  Hyd 


5.  H,H,H,ZH*   ;  CyH)-  .    .    .    Hyc 

The  fiist  four  of  the  salts  in  this  Table 
names,  but  at  present  they  are  called  AUopbai 
is  called  Biuret,  or  bicyanate  of  ammonia. 

i].  H»,(?H';  Cy'O'.  This  salt  is  prodi 
hydrated  cyanic  add  is  passed  into  alcohol  01 

H,CNO  +  H.CNO  +  H 
Discovered  by  Liebig  in  1846.  It  was  ori( 
bonate  of  ethyl,  and  was  assumed  lo  conti 
which  Gmelin  (^Handbook,  vii.  377)  desa 
C*N'H*0*.  No  such  add  is  known,  and 
Wohler  ascribed  to  this  salt  the  name  of  All 
phanic  ether,  which  it  stall  bears.  Gmelin's 
=  CH'0,CN'H'0>.  Gerhaidt's  fbnnula  is 
decomposed  by  heat,  the  allophanic  ether  pn 
add :  IP,<?H» ;  CyH)*  =  H,(?H*0  +  aHCy 
The  Allophanic  Add,  which  is  assumed  to 
wUch  has  no  separate  existence,  has  these  fbt 
CNTB'O'  =  CAd'O'.O*,  ft 


«>*-N«^^}ff«-W. 
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HO,C«IPN«0«,C*0*,  MOer. 
NH«CO.0O*,H0,(CNH0»),  ffofmann. 
HO.C*N«irO»,  Kolbe. 

There  appears  to  me  to  be  little  probability  of  truth  in  any  of  these 
assumptioDS.  The  non-isolation  of  allophanic  acid  has  been  aococmted 
for  by  assuming  that  when  it  is  separated  from  its  salts  by  a  strcxiger 
acid,  it  immediately  decomposes  into  carbonic  acid  and  urea.  I  shall 
examine  this  explanation  in  the  note  to  the  barytic  salt,  No.  4]. 

2].  IP,CIP;  Cy^O*.  This  compound  is  formed  by  passing  the 
vapour  of  hydrated  cyanic  add  Into  pure  wood  spirit : 

H,CyO  +  H,CyO  +  H,CH»0. 

Discovered  by  Richardson  in  1837 ;  then  called  Ureo-carbonate  of 
methyl,  and  afterwards  called  AUophanate  of  methyl  The  theory  is  the 
same  as  that  of  the  last  example. 

3].  1P,C*H" ;  CyK)*.  Formed  in  the  same  manner  as  the  preceding 
salts,  by  passing  the  vapour  of  cyanic  acid  into  hydrated  oxide  of 
amvle  * 

H,CyO  +  H,CyO  +  H,C*H»U 

When  heated,  it  falls  into  its  original  oonstituents,  save  that  the  cyanic 
acid  becomes  cyanuric  acid.  ' 

4].  IP,Ba ;  CyKlF,  This  salt  is  jiroduced  by  acting  on  a  solution  of 
allophanic  ether,  No.  i],  by  a  cold  solution  of  hydrate  of  barytes: 

No.  i]     =  IP,C«H» ;  Cy'iy  1        J  IP,Ba ;  Cy^/  =  No.  4]. 
Barytic  water  =  Ba;  HO     J   *^  I   CfH';  HO      =  Alcohol 

When  the  solution  of  the  barytic  salt  No.  4]  is  heated,  the  products  are 
as  follow : 

Ba,Ba;CO'     =  Carbonate  of  baiytes. 
00*    s  Carbonic  acid. 


H»,Ba;Cy«0»\ 

H»,Ba;Cy«0»l 

H,HO       j 


ZH*;Cyo}  =  ^"^  ^  **^°^- 


When  the  barytic  salt  is  acted  on  by  a  strong  acid,  it  disengages  car- 
bonic acid  with  brisk  effervescence,  and  produces  urea.  Neither  anunonia 
nor  j&ee  cyanic  acid  are  disengaged : 

KT^   .T  J        Ba,CNO  )         fZH*,CNO 
No.AlJxxx,.x'^.^^l         I        'coo 


^T  /         Ba,CNO  ]         f 

^- 4-1- 1  H,H,H,CNOOV  «  { 

H,SOO   j         I 


Ba,SOO 

This  decomposition  is  quite  in  accordance  with  the  general  action  of 
hydrated  sulphuric  acid  upon  the  cyanates. 

It  is  commonly  stated  that,  when  allophanic  acid  is  separated  from  its 
salts  by  a  stronger  acid,  it  cannot  be  retained  in  an  isolated  state,  becanae 


it  has  the  property  of  immediately  decomposing  int 
m'ea.  The  ideal  of  ttllophanic  add  ia  formed  on  o 
kiD^ng  in  part  to  ammonia,  and  iti  port  to  cyanic  f 
allophanic  acid,  correspoDding  to  the  allophanates  de 
Table,  aliould  have  the  foraiula  H,H,H,H ;  C/O". 
what  must  occur  if  this  acid  was  set  free  in  an  aqui 
action  of  hydrated  snlphm-ic  acid  on  the  batytic  salt 
the  reaction  into  the  form  of  an  equation ; 

IP,Ba;Cy'0'l         JH*;  CyK)" 
H;    S  Cf   °    IBa;  S  0» 

That  is  the  first  reaction.      But  the  following 
Mow: 

n'Oy-O*  =  ZH',CyO  +  CO*. 

The  solution  would  then  be  ready  to  suffer  any  of  tbi 
under  the  article  relating  to  the  ureas. 

It  is  evident,  throughout  these  reactioDS,  that  wi 
salts  of  cyanic  acid,  and  with  nothing  else,  and  that 
of  the  existence  of  an  allophanic  acid  answering  to  an 
which  I  have  cited  above  from  the  writings  of  diffen 

5].  IP,ZH';Cy'0'.  This  compound,  commonl] 
sometimes  Bicyanate  of  ammonia,  has  not  been  inc 
Allophanates.  Miller  gives  it  these  two  formulae : 
HOjH'NO,  aCyO,  2  aq.  It  is  prepared  by  keeping  tu 
a  melted  state  at  the  temperature  of  300°.  Thei 
production  of  ammonia,  cyanuric  acid,  and  melauurit 

When  the  salt  No.  5]  is  strongly  heated,  it  i 
ammonia,  cyanuric  add,  and  water : 

W,Za*;Cf<y  =      aH,CylO     +    ZHTI 
Biuret  =  Cyanuric  acid  +  Ammonia 
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The  Doctrine  of  Polyatomic  Alcohols, 

The  doctaine  of  polyatomic  aloohols  is  foanded  npon  the  properties  of 
a  substanoe  described  by  M.  Wurtz  (Comptes  EeTidus^  July,  1656) 
under  the  name  ofglycd,  and  upon  those  of  some  compotmds  oi  glycerin 
which  have  been  investigated  by  M.  Berthelot  (^Ann,  de  Chimiey  iii.,  zli. 
216).  The  polyatomic  alcohols  are  said  to  possess  the  properties  of 
miiatomic  alcohols,  but  to  have  the  power  of  combining  with  more  than 
one  equivalent  of  acid.  Glycol  is  called  a  Biatomic  alcohol  and  g^yceim 
a  TeraJtomic  alcohol.  Professor  Miller,  the  President  of  the  Chemical 
Society,  in  his  Annual  Address  to  that  body  in  March,  1857,  described 
''  WuRTz's  hriUiant  discovery  of  the  biatomic  cUcdhdUy  of  imi^  gfyooi  is 
the  ti/pe"  as  one  of  the  chemical  memorabilia  of  the  past  year.  I  am 
therefore  bound  to  notice  this  new  and  Important  doctrine. 

Glycol,  the  Biatomic  Alcohol. 

According  to  M.  Wurtz  (he,  ctif.),  glycol  is  prepared  by  acting  on 
the  iodide  of  ethylene,  C^H^P  (the  iodised  compound  corresponding  to 
Dutch  liquid)  by  dry  acetate  of  silver ;  one  equivalent  of  the  former  to 
two  equivalents  of  the  latter.  There  is  a  disengagement  of  carbooic 
acid  gas  and  olefiant  gas ;  iodide  of  silver  is  formed,  and  the  resulting 
mixture  is  submitted  to  distillation.  The  product  then  obtained  is 
called  by  Wurtz  the  diacetate  of  glycol,  and  is  said  to  result  (ram  the 
reaction  depicted  in  the  following  equation : 

C*H*P  +  2pP^  (A   =   2AgI  +  C*IPO«i  0* 
\  Ag  /  C*H*0*J 

Iodide  of      Acetate        Iodide  of        Binacetate 

ethylene.       of  silver.         silver.  of  glycol. 

[In  this  equation,  C   =   6,  O   =    8.] 

Before  proceeding  farther  with  my  notes  from  M.  Wurtz,  let  me 
draw  the  reader's  attention  to  the  fact  that  every  article  in  this  equation 
is  quoted  in  double  proportions.  We  may  ask,  why  are  these  doable 
quantities  necessary?  Why  not  make  use  of  single  proportions?  We 
have  no  evidence  that  iodide  of  ethylene  is  constituted  thus :  C*H?. 
It  may  be  formed  thus :  C*H'I.  In  chemistry,  what  is  true  of  doable 
proportions  ought  to  be  true  of  single  proportions ;  for  nature  acts  the 
same  upon  grains  as  upon  tons.  I  will  reduce  the  ingredients  that  are 
named  in  the  above  equation  uniformly  to  single  proportions,  correct  &e 
atomic  weights  of  0  and  O,  and  put  the  equation  into  the  form  that  I 
have  commonly  used  throughout  this  volume.    It  then  reads  thus : 
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CH'.I  +  Ag,CTi»0'   =   J 

Vinyk         Argenta        Ai 

ioda.         acetjiete.  1 

This  simple  operatjon  prodnces  a  magi 

Instead  of  bioacetate  of  diatomic  gtjrcc 

oniatomic  vioyl. 

When  a  imiform  redaction  in  die 
concerned  in  a  chemical  reaction  mal 
nature  of  the  products — other  conditi 
one  that  demands  a  careful  investigatioi 
mysteries  in  the  rank  of  established  tn 
in  philosophical  chemistry  to  assume  t 
grains  of  a  miztore,  produces  other  re 
lOO  grains;  that  when  it  acte  upon 
products  are  not  the  same  as  when  it . 
make  a  dear  distinction  between  efiec 
operations  and  thoBe  which  arise  fr 
airanged  in  equatjons. 

I  return  to  M.  Wurtz :  "  If  it  L 
binacetate  of  glycol]  contains  the  elem 
add,  or,  if  you  please,  twoequJTalents  o 
as  indicated  by  the  formula,  it  is  evid 
by  the  agency  of  alkalies,  it  onght  to  g 
for  each  equivalent  of  matter  dccompoi 
has  been  established  by  the  following  e 

I  do  not  quote  the  experiment  be^iu 
much  of  the  acetate  of  vinyl  as  cont 
most  necessarily  yield  to  experiment  tn 
that  fact  respecting  the  acid  does  m 
respecting  the  base,  namely — that  CJ 
two  atoms  of  vinyl  make  one  atom  of  ( 

M.  Wurtz  finds  that  by  distilhng  a 
potash,  ptire  gb/coi  is  produced.  Accoi 
would  be  represented  as  follows : 

CH'.CH'O'  +  KHO  =   I 
Vinyla  Potassa 

acetylete.  "*"  hydrat«.  ~ 
Bat  M.  Wnrtz  says  that  "  the  method  ' 
contains  the  gronp  CH* — that  is  bo  sa; 
stttution  can  be  expressed  by  the  formn 
group  of  two  molecules  of  water,  ^ 
the  diatomic  radical  CHV 
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This  sentence,  in  which  every  quantity  of  the  acting  dements  is  chubled, 
gives  rise  to  the  inquiry,  Does  C*H*,  or,  in  corrected  numbers,  C7ri*, 
represent  one  atom  of  ethelene  or  two  atoms  of  Tinyl  ?  Why  most  we 
double  the  proportions  ? 

I  have,  on  several  occasions  in  the  course  of  this  work,  see  pages  73, 
79,  96,  and  108  (which  the  reader  will  do  well  to  re-oonsult),  shown 
the  importance  of  the  radical  Vinyl,  and  the  necessity  of  recognising  it 
under  the  formula  dP,  which  represents  one  volume  of  gas.  I  am 
not  aware  that  any  experiment  exists,  or  that  any  argument  has  been 
advanced,  which  can  establish,  or  even  rcoommend,  the  formula  CH^  as 
of  superior  authority  or  utility  to  the  formula  CH*.  For  these  reasons  I 
consider  tliat  ethylene  and  glycol  are  non-existent,  and  that  the  doctrine 
of  diatomic  alcohols,  founded  upon  their  assumed  existence,  and  owing 
its  sole  authority  to  the  apparent  results  of  equations  constructed  with 
double  equivalents,  is  a  fallacy.  I  am,  nevertheless,  rejoiced  that 
M.  Wurtz  has  discovered  the  acetate  and  the  hydrate  of  vinyl,  because 
they  serve  to  show  that  the  character  which  I  assigned  to  vinyl  was  not 
ill-founded.  As  the  Neutral  Radical,  which  stands  between  the  positive 
and  the  native  radicals — as  hydn^en  stands  between  the  metals  and 
the  metalloids — its  importance  cannot  be  overrated,  and  it  is  surprising 
that  chemists  have  not  long  since  recognised  this  compound  as  the  key 
to  the  system  of  compound  organic  radicals. 


Considerations  KESPEoriNa  the  Hydbogarbons  which  contain  an 
EVEN  Number  of  Atoms  of  Hydrogen. 

I  copy  the  following  observations  from  Professor  Miller's  Elements 
of  Chemistry,  1857,  part  iii.,  page  431 : — 

'*  Glycol  is  derived  indirectly  from  defiant  gas,  and  there  can  be  no 
question  that  the  hydrocarbons  homologous  with  defiant  gas  will, 
before  long,  assume  a  much  more  important  position  in  the  theory  of 
organic  chemistry  than  has  hitherto  been  assigned  to  them. 

''A  paper  by  Mr.  Buff,  communicated  to  the  Royal  Society  by 
Dr.  Hofmann  (Proceedings  Roy,  Soc.y  vili.  188),  contains  some  important 
observations  on  the  derivatives  of  defiant  gas.  There  are,  it  most  be 
remarked,  two  classes  of  hydrocarbons  which  yield  uniatomic  alcohol 
radicles ;  one  of  these  is  homologous  with  ethyl,  and  is  represented  by 
the  formula  (CJ^I.  ^  |) ;  this  class  has  been  long  known  and  ex- 
tensively investigated.  The  second  series  has  only  recently  attracted 
the  notice  of  chemists ;  it  is  homologous  with  allyl  (CoH,),  and  is  repre- 
sented by  the  formula  (C,H,_i).  Allyl  is  the  only  member  of  this 
series  which  has  been  carefully  examined. 

"  These  two  groups  of  hydrocarbons  are  intimately  related  to  each 
other,  and,  probably,  the  members  of  the  latter  series  will  hereafter  be 
obtained  fi^m  the  former  by  a  general  method  analogous  to  that  by 
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which  B^rthelot  and  De  Luca  have  sacceeded  in  obtaini 
glycerin. 

"  Now,  intermediate  between  these  two  groups  is  a  tlii 
already  been  long  recognised — viz.,  the  group  of  the 
which  are  homolc^m  with  olefiant  gas,  represented  b 
fbimula  (O^H^)  ;  and  which,  it  may  he  remarked,  woui 
by  the  combination  of  tiie  corresponding  terms  of  tlit 
previously  alluded  to,  C.H,_.  +  (C.H.+,)  =  (C^,H^). 
recently  that  these  hydrocarbons  have  been  regarded  at 
they  are  undoubtedly  componnda  of  this  nature,  but  tlie 
tially  from  the  radicles  of  the  two  other  groups,  inasi 
molecules  are  biatonuc,  or  are'  capable  of  displacing  two 
hydn^en ;  whilst  the  radicles  typified  by  ethyl  and  allyl 
and  only  represent  one  equivalent  of  hydrogen. 

"  We  have  already  examined  the  nature  of  Dutch  llquid- 
the  molecular  composition  of  which  was  then  indicated  t 
(C^,C1,HCI):  the  view  thus  represented  harmonizes  well  « 
positions  which  Dutch  liquid  experiences  when  treated  wii 
the  compound  may  also  be  regarded  as  the  result  of  a  com 
diatomic  radicle  (C,H4)with  twoequivalentsof  ciilorine,  tl 
and  as  such  it  may  he  termed  buAhride  of  ethylene : 
character  of  ethylene  {C,li,)"  being  indicated  here  by  ti 
affixed  to  the  radicle.  Bromine  and  iodine  also  combin 
gas,  and  form  corresponding  compounds  (C,H,)"Brg;  anc 

"  There  can  be  little  doubt  but  that  glycol  is  the  1 
clasa  of  homologous  alcohols,  each  of  which  will  form  tlie 
■  s  of  collateral  derii 


Eemabks. — The  two  classes  of  compounds  which  Pr 
following  MM.  Wurtz  and  Buff,  here  refers  to  an  bavin 
atom  of  hydrogen,  are  those  which  at  page  7  j  I  have  disi 
basic  and  acid  radicals,  according  as  the  proportion  of  h 
each  contains  is  above  or  below  ^at  which  is  demanded 
for  the  constitution  of  a  multiple  of  vinyl.  The  third  class 
— namely,  those  which  have  an  even  number  of  atoms 
are  cbaracterised  by  Dr.  Miller  as  being  "  undoubtedly 
the  nature  of  radicles,"  and  as  being  "  biatomic,  or  capabi 
two  equivalents  of  hydrogen."  This  doctrine  appears 
onsound,  for  the  following  reasons ; — 

I,  Because  such  compounds  are  frequently  not  radia 
namely,  pairs  of  radicals,  consisting  of  hydrides  of  radicals, 
of  radicals  with  each  other,  of  which  compounds  exampli 
pages  64  and  65  of  this  woHt,  under  the  head  of  ^i; 
Orot^  of  Gasemia  Salts.  These  compounds  have  in  the  ; 
tvric«  the  volume  of  radicals  proper.  Every  compound 
basic  radical  with  an  add  radical  of  the  vinyl  series,  set 
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erery  compound  fonned  either  by  a  basic  or  an  acid  radical  of  this 
series  with  hydrogen,  must  have  an  even  number  of  atoms  of 
hydrogen,  and  yet  will  not  be  a  radical,  but  a  salt  oonsisting  of  two 
radicals. 

2.  Because  there  are  examples  of  radicals  which  contain  an  even 
number  of  atoms  of  hydrogen,  but  which  are  not  necessarily  biatomic ; 
witness,  vinyl  =  CH",  and  succinyl  =  CEP;  and  which  do  not 
displace  two  equivalents  of  hydrogen.  In  the  vapour  of  the  salts  of 
these  radicals,  the  radical  itself  measures  nothing.     See  page  96. 

3.  Because  the  practice  of  making  uniatomic  radicals  appear  to  be 
biatomic  by  the  crude  process  of  doubling  the  fbrmulse  is  a  violation  of 
the  law  of  simplicity,  a  law  which  nature  always  follows,  and  which 
science  cannot  disregard  without  ceasing  to  be  science. 

I  might  urge  many  other  facts  that  tdl  against  this  doctrine ;  bat  the 
article  on  compound  organic  radicals,  printed  between  pages  44  and  81 
of  this  work,  anticipates  almost  every  argument  that  need  be  advanced. 
For  the  reasons  stated  in  those  arguments,  I  do  not  consider  that  thert 
is  A  SERiBS  OF  BADIGALS  tntertnediote  hetvoeen  the  positive  and  negoHw 
radkals  of  the  vinyl  series.  Vinyl  itself  is  certainly  intermediate ;  bat 
the  compounds  that  are  called  the  homologues  of  this  radical — ^namdy* 
the  hydrocarbons  that  are  multiples  of  CH*  are,  for  the  most  part,  either 
hydrides  of  positive  or  negative  radicals,  or  salts  composed  of  positive 
combined  with  negative  radicab ;  and  it  is  a  mistake  to  ascribe  to  sadi 
double  compounds  the  character  of  single  biatomic  radicals. 

The  bichloride,  bibromide,  and  binlodide  of  ethylene  ought,  in  my 
opinion,  to  be  cdled  the  neutral  chloride,  bromide,  and  iodide  of  vinyL 
The  existing  evidence  is  entirely  in  fiivour  of  this  assumption.  The 
Dutch  liquid  is  composed  of  one  volume  each  of  chlorine  and  vinvl 
(olefiant  gas).  It  has  the  specific  gravity  of  49*5  (see  page  54),  which 
agrees  with  the  atomic  weight  of  the  compound  CH',C1,  and  with  one 
volume  of  vapour,  which  is  the  measure  of  the  chlorine  alone,  ance 
vinyl  measures  nothing  in'  its  salts.  Regnault's  bibromide  of  ethylene 
has  the  specific  gravity  of  94,  which  agrees  with  the  formula  CBPyBr, 
and  with  one  volume  of  vapour.  The  iodide  of  ethylene  does  not 
produce  a  gas ;  but  the  double  formula  usually  given  to  it  (C*H*P)  has 
nothing  to  sustain  it,  and  analogy  justifies  us  in  describing  this  salt  with 
greater  simplicity  and  more  accuracy  as  CH*,I. 

There  is  a  sulphide  of  ethylene  (C*H*S")  which  is  equal  to 
CH',S  =  vinyla  sulpha,  and  a  sulphohydrate  of  ethylene  (C*H*S",2HS), 
which  may  be  written  CH»,S  +  HS  =  H ;  CH« ;  S"  =  hydra  vinyk 
sulphene.  This  compound  produces  salts,  of  which  an  example  may 
be  quoted  in  CH«,S  -f  PbS  =  Pb ;  CH" ;  S°  =  plumba  vinyla  sulphene. 

I  shall  add  a  short  notice  of  the  compounds  that  have  been  reomtly 
described  by  MM.  Buff"  and  Wurtz. 

According  to  M.  Buff,  sulphocyanide  of  potassium  decomposes  both 
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chloride  and  bromide  of  ethylene,  and  pmluces  solphoc} 
lene,  according  to  the  following  equation  : 

C.H,C1,  +  aKCyS,  =  aKQ  +  C.H.Cy^. 

Is  it  not  evident  that  a  result  is  arrived  at  here,  as  : 

argament,  by  a  mere  duplication  of  the  ingredients  whici 

the  formole?    Avoiding  that  duplication,  the  equation  i 

CH-.a  +  K,Cy.S'  =   KCl  +  CH*,Cy,S 

Vinyla  Potassa      Potassa  Vinyla 

chloia.  cyana        chlora.  cyana 

Bolphene.  gulphene 

This  equation  ia  quite  intelligible.     We  have  proof  of  tl 

vinyl  and  of  its  power  to  act  as  a  radical,  and  to  fi 

chlorine,  snlphnr,  cyaaogea,  Ac     Why  are  we  to  ren 

order  to  believe  iu  ethylene,  of  the  eristence  of  which  W' 

dence,  and  then  lo  rmoance  ethylene  to  believe  in  glycol,  i 

of  which  we  have  no  evidence  ? 

The  analyses  of  acetal  by  M.  Stas,  and  hy  Baron  von 

the  compceitioQ  of  that  compound  to  be  C'^'K)",  the  al 

which  ia  ii8.     M.  Stas  found  the  specific  gravity  of  tl 

59.     Graelin  suggested  {Bandbuch  d*r  Chemie,  Bd.  iv. 

composition  represented  a  copulated  compound  of  2  aton: 

I  atom  of  aldehyde  =  aCH'O  +  CH'O*  =  C"H"0*,  b 

that  its  behaviour  with  alkalies  and  solution  of  silver  rei 

aence  of  aldehyde  improbable;  and  as  it  appeared  to  m 

to  account  for  its  atomic  measure  of  tvro  volumes,  on  thi 

its  containing  so  many  radicals  as  Gmelin  assumed,  I  su; 

57  of  this  work,  that  it  might  contain  ethyl  and  bu^l 

it  (?),  because  I  had  no  fiicta  or  authority  to  support  suet 

M.  Wurtz  now  qootes  the  composition  of  acetal  as 

CH*j 

C"H"0*  =   ™„.    C, 


which  is  similar  to  Graelin's  arrangement  of  the  formulie 
considers  the  compound  to  be  diOhylint  of  glycol.  By  1 
tore  of  alcohol  and  wood  spirit  with  sulphuric  acid  and 
prepared  two  cotreeponding  compounds  containing  metl 
gether  the  Ibllowing  series ;  all  of  which  he  considers  U 
of  glycol:  jj  B  C 

C'H't  CH'I  CHM 


CTI' 


(X.      ^„,yo'. 
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correct  the  atomic  weights  of  C  and  O,  and  reduce  the 
siDgte  quantities,  these  relalious  justify  the  following  for- 

P.CiPO     =     Ethyla  vinylate. 

['CH'Of    ~     Ethyls  vinylate  cura  metbyla  viuylate. 

[■.CHSi     =     Methyk  vinylate. 

weight  of  the  compound  A,  which  representB  Acetal,  is 

this  formula  59,  which  agrees  with  the  specific  gravity  of 

u  the  idea  that  it  forms  one  volume,  the  ethyl  alone  retaining 

and  the  vinyl  and  oxygen  losing  theirs.    The  atomic  wet^t 

ound  B  ia  104,     It  ought  to  measure  two  volmnes,  and  its 

ty  should  be  -"-I*  =  5a.  Now  M.  Wmlz  fbimd  the  specific 

'  3'475  '^i'^^l-  air  —  I,  which  is  equal  to  50*28}  against 

le  atomic  weight  of  the  salt  C  is  45.     Its  vapour  ought  to 

volume,  and  its  specific  gravity  ought  to  be  45.     This  is 

ec.  grav.   yii    against   air  =  i.      I   do   not   know  what 

lUnd  it  to  te.    I  Iwve  a  note  stating  it  to  be  0-85J5,  which 

m  error,  either  in  the  Comptes  Sendits  or  in  my  tianseiip- 

!  have  no  opportunity  to  correct. 

says  M.  Wurtz,  "  that  other  salts  of  silver  are  decomposed 

acility  by  the  iodide  of  ethylene.     The  benzoale  of  silver 

le  an   ole^inous  neutral  compound  which  is  no  doubt 

glycol.     Consequently,  the  method  which  I  have  described 

an  infinite  number  of  neutral  compounds,  holding  a  middle 

1  the  ethers  and  the  &ts." 

;nce  of  eiact  information,  I  surmise  tliat  the  reaction  here 

as  follows ; 

[     +     Ag.CTI'O"     =     Ag,I      +     CH»,(7H'0' 

a  Argenta       _    Argenta    ,  Vinyla 

.     '*'      benzylete.      ~     icda.       "*"       benzylete.  ] 

pROPTLic  Gltcol  and  Auylic  Glycol. 

n  M.  Wnrtz : — ■"  I  have  proved  the  existence  of  propylic 
lylic  glycol. 

acting  upon  acetate  of  silvo-  with  bromide  of  pcopyl^ic 
xiduced  diacetate  of  propylic  glycol. 
CH"     1 

C'lPCJ 
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C"W    ) 

CBSy  \  O*  =  C"H"0 

I  confess  that  I  do  not  understand  the  t 
descnptioo,  or  rather,  the  sense  in  which  th 
the  group  of  atoms  C^'  called  propyleDe 
tiomine,  and  propylic  glycol  when  in  coi 
oxygen  ?  Why  is  tbn  gronp  C"H'*  called  i 
amylene  and  in  another  fonn  araytic  glycol 
the  first  groap,  because  an  equivalent  of  pn 
piooyl  that  is  present  in  propylene.  Amy 
groap,  because  an  equivalent  of  it  contains  H 
tained  in  amylene. 

Overlooking  the  latltudinarianism  of  these 
of  the  reactions  which  they  are  used  to  descr 

Bromide  of  propylene  I  consider  to  be  a  d( 
=  H ;  C?H' ;  Br"  =  Hydra  propionyla  brt 
amylene  to  be  also  a  double  salt  =  CH'.Br  - 
Hydra  valeryU  bromen.  The  reactirais  de 
according  to  my  notation,  as  follow ; 

.  JCH'.Br      +  HBr  I         jCJ 

„i(?H',Br      +  HBr  1         ICI 

"■tAg,(?irO*+ Ag.CTPO-f  '^  \a^ 

Both  of  these  equations  represent  ordlnaTy  ' 
positions. 

Sappo^ng  the  experiments  to  be  correct, 
each  case,  a  binacctate  is  produced,  but  n( 
aicohot.  On  the  contnuy,  the  first  is  a  bii 
hydrogen,  and  the  second  a  binacetale  of  valei 
is  no  evidence  of  the  formation  of  such  thi 
amylic  glycol ;  I  do  not  even  so  much  as  ui 
thtwe  t«niis ;  and  I  cannot  admit  that  phanb 
&om  the  mere  duplication  of  focrouts  are  tn 
compounds,  different  from  those  that  aie  e^hi 
when  the  ingredients  are  takai  in  single  p 
the  effects  produced  by  the  mere  doubling  of 
absence  of  corroborative  evidence,  to  prove 
stances,  is  to  make  chemistry  a  pastime  fo: 
It  is  remarkable  that  throughout  these  inve 
alcohols,  by  M.  Wurtz,  by  M.  Buff,  and 
result  is  come  at  by  means  of  equations  that 
of  all  the  acting  substances,  and  that  whei 
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fifom  double  to  single,  the  biato 
ycot,  stripped  of  its  double,  is  seen  t 
ic  glycol  become  shadows  of  shades 
Tcatures  vanifih  like  a  mediaeval  eni 

The  pen  destroys  than  as  the  pen 


Glycerin,  the  Teratomic 

H)  &r  froni  coDsideriDg  that  Glyc3 
d  it  to  belong  to  that  class  of  compt 
'lasic  acids.  Instead  of  being  a  basB 
'  acid  to  neutralise  it,  I  think  it  is  ai 
ivalenta  of  base.  The  following  for 
this  opinion : 

Group  A. 

Hydrine  j 
Glycyla  g 


iH,H;(?H»0' 

;h*,cipo'  . 

7HM.     .    . 


Hydra  glj 
Glycyla  k 


Group  B. 


I.H.CH'  ;  CWO* 
J,H,CH'  ;  (THK)* 
i,H,C*  H'  ;  tffl'O* 
I.H,C"H";CH»0' 
I.H,C"H»' ;  CTPO* 
J.H,C  H-  ;  CH^O* 
I,H,C'*H» ;  C^H-O* 
I,H,C*  H'  ;  C?H'0' 


Hydren  a 
Hydrenb 
Hydren  b 
Hydren  o 
Hydren  p 
Hydren  » 
Hydren  ai 
Hydren  v 


I,(CTP)*;  CH'O'  . 
I,(CH')';  CHK)*  . 


GrwtpC. 


Hydra  act 
Hydro  ett 


Group  D. 

I,CH'0»  +  (H,C*H'0^*  Hydra 
butyry 

I.CTI'O'  +  {K,G*S!Hyy  Hydra 
oleyleb 


i8.  H,(?H'0*  +  (H,C"H"0*)» 
19.  H,C'EPO»+  (H,C^IP^D»)' 
ao.  H,CH*0'+(H,CH*OY 


a  I.  H,(Cir)';CH'0* 

33.  H,(C'^-)«;C^*0' 
23.  H,(C''H«)';CH'0' 

34.  H,(C"H»')';CTI'0' 

35.  H,(C  H")*  ;  CHK)" 


26.  (dP/jCnPO* 
37.  (C7H»V  jCTIK)* 
aB.  (Cff)';(?H'0* 

39.  (c-Bry-.cmKf 

30.  (CH")' ;  CR'Cf 

31.  (C"H")»;  eH'O' 
33.  (CH*)*;CH'0' 


33.  (?H',aO Glv 

34.  CH'.CIO  +  HCI.     .     .  Glj 

35.  C?H'.BjO+HBr     .     .  GIj 

36.  H,CH»0'  +  Ha      .     .  Ht 

37.  H.CH'O*  +  (?H>,IO     .  Hy 

38.  H,C"H'0»  +  C?H»,aO  .  Hy 

39.  H,(7H'0' +  (?H*,C10  .  Hy 


^     (H,H,*?H*;S0*1 

^      iBa'jPO*  1 

4'lH'Ba';  CWO*} 
4a.  H»;  CH'Z'CF  . 
45.  H'jCH'Z'O'      . 
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I.  H,H,H;CTrO'    =    Hjdrine  glycjlite. 

ip  formula  commonly  given  to  glycerin  isCTPO*.  DoabJing 
weights  of  C  and  O,  this  becomes  CTTO".  Cbemiats  bave 
atly  in  their  opinions  respecting  llie  proximate  constitntion  of 
ind.  For  the  sake  of  brevity,  I  will  abstain  from  any  bis- 
;e  of  Buch  opinions,  and  only  describe  the  theory  which  I  am 
i,  I  assamc,  ^en,  that  in  glycerin  there  is  an  acid  radical 
IS  with  tlie  formula  C?H',  which  is  Gerhardt's  Glycyl  with- 
gen,  and  I  adopt  this  name  to  distinguish  it. 
m  form  salts  with  one  basic  radical  and  two  atoms  of  oxygen,. 
of  which  is  given  in  No.  3,  =  ZH',CH\3';  bat  hydrated 
d  possesses,  like  hydrated  phosphoric  add,  the  power  <d 
I>a3ic  salts  by  combining  with  water,  or  witb  salts  formed,  on 
f  water.     Thus : 

H,C?H'0»  +  HHO  =  H»,CTI'0'  =  No.  i. 

atoms  of  basic  hydrogen  are  jointly  and  separately  replace- 
iT  radicals,  and  th^  may  be  eitiier  basic  or  add  radicals,  bat 
iquently  acid  than  basic. 

ing  over  the  above  Table,  it  will  be  seen,  that  in  many  cases 
salts  are  of  similar  structure,  where,  for  example,  OTte  acid 

combination  with  three  bask  radicals,  there  is  a  remarkable 
a  tlic  complement  of  oxygen,  the  atoms  of  which  vuj 
>  the  series  3,  4,  f,  and  6. 

ifferent  orders  of  phosphates,  the  quantity  of  oxygen  vaiies 
mber  of  basic  radicals  that  are  present  in  the  salts;  bat  in 
K  (or  glycerides,  as  they  arc  usually  termed),  the  qoantity  of 
cs  while  the  number  of  radicals  remains  unchanged.  A  little 
n  of  the  facts  exhibited  in  the  Table  of  Examples  enables  as 
bis  peculiarity. 

ptical  formula  of  terbasic  glycylic  add,  No.  I  (hydiine  gly- 
[,H,H ;  CHK)*.  When  the  atoms  of  hydrogen  are  replaced 
icals,  no  change  occurs  in  the  quantity  of  oxygen  required  to 
e  glycyl'te ;  witness  the  salt  No.  1 5,  which  contains  two 
;hyl,  and  the  formula  of  which  is  H,^^,^!!*;  CffO*. 
he  replacing  radicals  are  such  as,  under  ordinary  ctrcnm- 
as  acid  radicals,  then  each  acid  radical  which  goes  into  the 

the  character  of  a  basic  radical,  carries  with  it  into  the  salt 
at  atom  of  oxygen.  Thns,  every  salt  in  Group  B  has  one 
'bam  radical,  and  the  oxygen  is,  in  consequence,  increased 
IS  to  4  atoms  in  each  salt  In  No.  14  of  Group  C,  and  in 
of  Group  E,  there  are  two  such  radicals,  and  the  oxygen  is 

every  instance  from  J  atoms  to  5  atoms.  In  the  salts  of 
ere  are  three  of  these  radicals,  and  tlie  quantity  of  o^geu  is, 
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thererore,  rused  from  3  atoms  to  6  atoms.  Id  Group 
containB  three  acid  radicals  and  three  basic  radicab, 
plete  salts ;  and  there  are  present  in  all  only  6  atoms 
two  for  each  salt,  because  none  of  the  acid  radicals  i 
!□  short,  so  far  as  this  series  of  salts  is  concerned,  tl 
portant  lact  is  demonstrated. 

Tbe  property  thus  shown  to  be  possessed  by  acid  ] 
additional  atom  of  oxygen  whea  they  act  the  part  of 
restricted  to  the  radicals  which  enter  into  the  com 
oerides.  The  inqniry  into  the  constitution  of  the  An 
ns  otherwise.  See  pi^  118.  When  sulphur,  or 
forms  salts  with  hydrogen,  or  with  any  basic  radica! 
compound,  the  salts  require  a  complement  of  two  atr 
when  the  same  acid  radicals  form  salts  with  an  acid 
of  a  basic  radical,  tlie  oxygen  is  always  increased 
three  atonis.  For  that  reason,  all  the  anhydrous  add 
correspondiDg  hydrated  acids  have  0*,  so  also  all  tl 
drides,  or  salts  composed  of  two  different  acid  radice 
the  neutral  salts  of  each  of  the  same  acid  radicals  hav 
oontdn  basic  radicals.  I  am  not  declaring  that  this 
the  acid  radicals  is  universal,  but  it  is  certaiuly  exerd 
and  it  deserves  more  attention  than  chemists  have  h: 
to  bestow  upon  it.  Id  subsequent  sections  relating  b 
polyba^c  adds,  I  shall  have  to  speak  of  it  again. 

a.  C'H^CH'O'.  Giycyla  glycylite.  This  corai 
dride  or  anhydrous  acid  of  the  glycerine  series.  ( 
oxide  of  glyceryle,  and  Professor  Miller  characterises 
glyceric  ether."  It  is  evidently  derived,  like  other 
al^tractlon  of  water  £rom  the  monobasic  hydrated  gl 

H.CTI'O'l    _    JCH»,C"H'0* 
H.CWPO'f    -    t  H,HO 

Tlie  preceding  paragraph  accounts  for  the  presence 
dride,  when  the  hydrated  add  contains  only  O*. 
exact  accordance  of  this  compound  with  the  compout 
adds.  I  see  no  reason  whatever  for  imagining  it 
other  class  than  this,  and  I  am  not  surprised  at  tl 
mind  which  led  Professor  Miller  to  call  this  componi 
glyceric  ether. 

3.  ZH'.CTH'C.  Ammona  glycylete.  Professoi 
that,  "  When  an  alcoholic  solution  of  bibromh 
[=  No.  35  in  the  above  Table]  is  submitted  to  th' 
ammonia,  the  hydrobromate  of  a  new  base,  glyceram 
thelot  and  De  Lnca)  is  produced,  whilst  bromide  of  an 
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icbiesa  of  the  formnla  given  for  this  base  is  however  qnestion- 
[Elements  of  Chemistry,  iii,  383.) 

admit  that  water  takes  port  in  die  reactJou,  tbe  eqnitioii 
mtelligible,  thoa : 
No.  35    =   CH*,BrO  +  HBrl  fZH'.Br 

ZH'  +ZIPI   =   ^ZH*.CffO»l 

■  H,HO  ]  tHBr.  f 

drobromate  of  a  new  base"  is  merely  a  double  salt  of  hydro- 
lid  with  the  salt  No.  3,  which  is  the  glyceramine. 

4.  H.CH*   =   Hydra  glycjla. 

5.  CTi',1     =   Glycylaioda. 

erine  treated  with  biniodide  of  phoephortis  yields  Kaseooa 
i  CH*,  a  distillate  of  water  and  iodopropylene,  CH*I,  and  a 
iDtaimng  certain  oxygen-acids  of  phoeplionis,  together  with  fm 
idecompoeed  glycerine,  and  a  trace  of  red  phosphonis.  The 
I  of  iodopropylene  is  doe  to  a  reducing  action  exerdsed  by  the 
iJie  glycerine.  The  liberation  of  CfH'  appears  to  be  of 
J  importance."  Berthelot  and  De  Lues  (in  Gmelin's  Emdr 
^hamtry,  ix.  489). 

ompounds  which  are  here  called  propylene  and  iodopnqiTleDe 
Q  me  to  be  the  hydride  and  the  iodide  of  glycyl ;  but  the 
I  the  names  that  are  given  to  hydrocarbon  radicals  whicli  an 
if  not  identical,  with  glycyl  is  very  perplexing.  Thus,  (?H*, 
:  as  an  acid  radical  in  a  series  of  salts,  has  for  some  years  bcfV 
/i.  Latterly,  Dr.  Holmann  (Procwrfinys,  i?oyiii Society,  viii.  3}), 
^ed  the  name  to  acryl,  although  aciyt  already  had  fixed  npon  it 
ification  of  CTH',  which  formula  indicate  another  radical, 
,  like  allyl,  from  glycerine.  The  term  Allyl  is  Uierefere 
vn,  and  we  are  at  hberty  to  use  acryl  to  agniiy  either  ITJH'  or 
lich,  as  these  radicals  are  nearly  related,  and  both  producible 
serine,  is  a  mighty  convenient  latitude,  and  highly  conducive  to 
ty.' 

nmpotmd  C'H'  is  also  called  mesial;  it  is  the  ratUcal  of 
cetic  acid,  which  has  also  U«n  called  hiityroaeetic  acid:  it  isdw 
f  metacetonic  add;  it  is  the  radical  of  propi^ene ;  it  is  tlK 
f  lactic  acid;  it  is  the  radical  of  prcpionic  add  and  of  prtiptoue 

lew  number  (36,  vol.  viii.)  of  the  Proceedings  of  th»  Sct/el 
vhich  has  jnst  appeared,  contains  a  paper  by  Dr.  Uofmann, 
1  June,  1857,  in  which  be  returns  to  the  old  name  of  AlljL 
;ver  too  late  to  mend." 
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aldiU;  it  K  propumt/l  s  it'iBsixe;  it  is  the  hydride  of  friCyli 
Todicat  oiprvf»fial ;  Sec,  Sec,  &c. 

When  organic  chemists  can  bring  np  tbeir  langoid  ent 
point  of  acknowledging  the  existence  of  such  things  as  ra( 
that  word  in  the  restricted  sense  in  which  it  is  used  in  this  1 
their  firat  sQbseqnent  labonis  mnst  be  that  of  identilyii 
criminatiDg  the  radicals  from  one  another.  Is  it  credit 
present  race  of  chemists  that  we  should  have  nearly  a  score 
the  hydrocarbon  (TIP,  and  that  these  names  should  have 
them  characteristics  of  classes  of  salts  so  ill  made  out  that  it 
to  say  whether  the  fonuola  CTH*  represents  one  thing  onit/, 
twenty  different  tkings? — whether  it  indicates  one  perforroei 
variety  of  chBracters,  lilte  Miss  Horton  or  Mr.  Woodin  w 
their  inoDopolylc^es,  or  is  the  representative  of  a  whole 
actors,  each  possessing  an  ascertainable  individuality  ? 

Such  a  state  of  uncertainty  should  not  and  netd  n 
Looking  at  it  from  a  business  point  of  view,  there  is 
solution  of  the  problem.  The  radicals  which  constitute  t 
either  be  distinguished  from  one  another,  or  they  cannot, 
proved  to  be  alike,  or  to  be  different.  If  they  cob  be  disi 
onght  to  be  done,  and  their  characters  ought  to  be  laic 
precision ;  if  they  cannot  be  distinguished,  the  useless  duf 
should  be  abandoned ;  for  it  is  absurd  to  retain  distincti 
where  there  are  no  difierencea  in  thirds. 

At  present,  I  confess  that  I  am  unable  to  identify  the  i 
in  the  alrave  formolffi,  Nos.  I  to  ;,  I  have  called  giycyl 
glycyl ;  it  may  be  allyl ;  it  m^  be  acryl ;  it  may  be  lacty 
propionyl.  In  all  probability  these  five  names  signify  onl 
snd,  in  the  mean  time,  I  assume  only  that  the  fonnula  <7] 
the  hydrocarbon  which  transmigrate  through  the  44  si 
named  in  the  above  table,  and  that  the  word  glycyl  means 

Usual  Names  of  the  Compoohi«,  Nos.  6  to  : 

Grmip  B.      6,   Monacetin.     7,   Monobenzoicin.     8,   1 
g,   Monolein.     10,  Monopaknitin.    u,  Sebacin.     13, 
13,  Sfonovalerin. 

GroupC.     14,  Biacetin.     15,  Biethylin. 

Qroap  D.  16,  Bibutyrin.  17,  Biolein.  18,  Bipalmi 
stearin,     ao,  Bivalerin. 

Group  E.  3i,  Bibntyrin,  32,  Biolein.  33,  Bipalmil 
stearin.     3;,  Bivalerin. 

Grovp  T.  a6,  Teracetin,  37,  Terbenzoicin.  28,  Terl 
Terolein.     30,  Terpalmitin.     31,  Terstearin.     33,  Tervale 

*'  The  most  impOTtant  compounds  which  result  from  I 
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acids  upon  glycerin  are  those  termed  glycerideSy  which  are  analogons  in 
composition  to  the  varions  fats  and  oils.  Berthelot  has  recently  snc* 
ceeded  in  forming  these  bodies  by  the  direct  union  of  the  adds  with 
glycerin,  and  has  obtained,  in  the  coarse  of  his  investigation,  not  only  a 
large  class  of  these  bodies  which  were  not  previonsly  known,  bot  has 
been  successful  in  the  attempt  to  re-oombine  glycerin  with  the  iatlj 
acids,  so  as  to  reproduce  several  of  the  natural  fats  (^Ann.  de  Chmae^ 
in.,  zli.  2 1 6).  According  to  the  researches  of  this  chemist,  stearic^ 
palmitic,  and  oleic  acids,  each  forms  three  compounds  by  its  nnioo  widi 
glycerin  ;  the  act  of  combination  is,  however,  attended  by  the  sepantian 
of  water  in  each  case.  .  .  .  The  following  Table  contains  a  list  of 
these  compounds  with  the  formulse  of  the  decomposition  which  appeals 
to  attend  their  formation.  For  the  sake  of  convenience,  the  formoke  of 
the  hyd rated  acids  are  written  without  indicating  the  basic  water  in  the 
usual  manner :  thus,  stearic  add  (HO,C^H**0*)  is  written  (C7"il"'0*) : 


Monostearin 

Bistearin 

Terstearin 

Monacetin 

Biacetin 

Teracetin 


C«H«0» 

QIWIJllftQlt 

C"  H»  0« 

QIS  JJU  QX% 


Stearic  Acid. 

C"H»0* 
a((rH"O0 


Acetic  Acid. 

C*H*0* 
2(C*  H*  O*) 


=   3(C*H*0*) 


Glycerin. 

+  CIPO* 
+  CH'O* 
+  CRHy 

Glycerin, 

+  CTHK)* 
+  CH-O* 
+  C"IPO» 


2HO 

2HO? 

6H0. 

2HO 
4HO 

6H0. 


'*  It  might  have  been  expected,  that  in  the  formation  of  these  oom- 
ponnds  the  quantity  of  water  separated  should  have  been  somewhat 
different,  and  that  the  proportions  in  each  of  the  three  oompouDds 
should  have  been  2  HO  in  the  first,  4HO  in  the  second,  and  6H0  in  the 
third,  each  equivalent  of  the  hydrated  add  losing  an  equivalent  of 
water,  whilst  the  single  equivalent  of  glycerin,  in  the  act  of  combination, 
should  lose  1,2,  and  3  equivalents  of  water,  according  to  the  number 
of  equivalents  of  acid  with  which  it  is  combined. 

'*  According  to  Berthelot,  terstearin,  terpalmitin,  and  terolein,  aie 
identical  with  the  stearin,  palmitin,  and  olein  of  the  natural  &ts,  and 
they  are  produced  by  the  combination  of  3  equivalents  of  the  hydrated 
fatty  acids  (CJSJD^)  with  i  equivalent  of  glycerin,  the  act  of  combinatioii 
being  attended  with  the  separation  of  6  equivalents  of  water. 

''  AH  these  neutral  compounds  of  the  fatty  acids  with  glycerin  are 
insoluble  in  water,  but  are  soluble  to  some  extent  in  boiling  alcohol,  and 
are  readily  soluble  in  ether.  If  treated  with  concentrated  adds,  tiiey 
are  decomposed  and  acidified  in  the  same  manner  as  the  natural  &t3 ; 
and  they  are  all  saponifiable — that  is,  they  are  decomposed,  like  the 
natural  fats,  into  a  fatty  acid  and  glycerin,  when  boiled  with  an  alkali. 
It  has  been  found  that  whether  monacid,  biadd,  or  teracid  in  oomposi* 
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tioD,  these  hts  are  all  neulxal  in  their  reactii 
decomposed,  they  all  yield  glycerin  of  tht 
condition  of  hydration." — Miller  (Elements  of 

I  have  quoted  only  two  examples  from  the 
Uiller,  bec&use  these  are  sufficient  to  show  t 
Trhich  they  contain.  They  give  us  the  ri 
glycerin  to  the  resulting  compouodii,  but  tl 
explain,  what  we  chiefly  wish  to  have  esplait; 
tioQ  of  these  compounds.  Terstearin  is  mei 
and  we  are  leh  to  guess,  as  we  can,  at  tbe  possi 
of  the  salt  which  is  represented  by  this  grei 
ultimate  atoms. 

The  following  pan^raph,  which  Professor  ] 
DOte  to  his  phrase  "  supposed  glyceric  ether ' 
iii.  363),  contains  the  only  hints  towards  a  kn 
constitution  of  the  glycerides  which  he  ventur 

"  Glycerin,  however,  if  it  be  an  alcohol, 
alcohol,  but  it  must  be  teratomic  ;  in  which 
Gerhaidt  suggests,  upon  the  type  of  two  dout 
ila  radicle  (CHt)*)  may  be  named  giyoyl,  i 
from  Liebig's  glytxryl  (CIT).  The  relatioi 
glycerin  would  then  be  the  fallowing ; — 

Glycerin.  Ace 

CH'O-lo.HI^.  CH^O-I, 


H      P'CHH)»p  =  CH'O*; 

*'  Wnrti,  however,  considers  glycerin  to  b» 

three  double  molecules  of  water,  qi[0';  a 

si^tent  with  the   general  theory   of  these 

a  teratomic   radicle,  or  representing  three 


c'^?}<.;C™:8o.&.4™ 


When  I  look  at  the  real  model  of  water- 
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simplicity  with  the  intricacy  of  these  giant  formulse,  I  marvel  at  the 
latitude  of  interpretation  in  which  organic  chemists  indulge  I  While 
professing  to  account  for  the  composition  of  these  salts  upon  their 
allied  resemblance  to  the  model  of  water,  we  have  here  one  chemist 
extending  his  model  to  four  atoms,  and  another  to  six  atoms  of  water, 
and  twisting  these  into  a  variety  of  strange  and  fantastic  forms.  These 
are  not  examples  of  adherence  to  a  scientific  standard,  but  of  the  play  of 
a  capricious  fancy. 

The  difficulty  which  Professor  Miller  starts  in  regard  to  the  quantity 
of  water  which  is  expelled  during  the  reaction,  gives  rise  to  t&e  double 
set  of  formulae  which  I  have  given  in  Groups  D  and  E.  The  com- 
pounds in  Group  D  represent  the  results  of  M.  Berthelot's  analyses ;  and 
which  have  been  objected  to,  not  only  by  Dr.  Miller,  but  by  M.  Ger- 
bardt,  and  by  Mr.  Watts  (editor  of  Gmelin's  Handbook),  The  salts  of 
Group  £  are  the  (presumed)  same  compounds  formulated  according  to 
a  suggested  correction  of  Gerhardt's,  which  consists  in  deducting  HHO 
from  each  salt  (equal  to  2HO  according  to  Dr.  Miller  s  notation).  As 
all  the  series  of  salts  are  formed  by  heating  together  the  adds  and 
glycerin  in  closed  glass  tubes,  for  different  lengths  of  time  and  at 
different  degrees  of  heat,  and  the  efl^t  produced  is  the  gradual  fbrmadoa 
and  separation  of  water  from  the  anhydrides  that  are  formed  simul- 
taneously, it  is  possible  that  both  sets  of  salts  may  be  formed,  though, 
certainly,  those  of  Group  E  seem  to  be  of  more  probable  occuirence 
than  those  of  Group  D. 

Let  us  now  see  how  these  various  salts  i^ree  with  the  notion  that 
formula  No.  i  =  H,H,H;  C^H^  represents  the  true  composition  of 
glycerin,  according  to  which  formula  glycerin  is  a  terbasic  acid,  and  the 
glycerldes  are  salts  in  which  the  so-called  fatty  acids  act  the  part  of 
bases  against  glycerin  acting  as  an  acid. 

The  following  examples  represent,  in  detail,  the  reactions  which  take 
place  when'hydrated  terbasic  glycylic  acid  is  heated  with  hydnted 
acetic,  butyric,  and  stearic  acids,  and  with  alcohol. 


Group  B. 

H,H,H;  L  _  _  _       _,_,_  __    ,  — 

Acetic  acid.      H;G«H»(yj  '  \  H   ;  HO 

H,H,H;  CH'O"  i  _  JH,H,C»H»;  (7B 

Stearic  acid.     H ;  ^•H»»0'  J  ~  t  H   ;  HO 

Group  C. 

H H H*  ( 

Acetic  acid.' 2(H;C«H»0«)f  "  \  2(H  ;  HO) 

H,H,H ;  C»  H»  0»  i  _  JH,C*H*.C'H»;  C»H 

Alcohol.        2(H;C«H»0)f  "  \  2(H,  HO) 


H,H,H ;  C»  H»  0»  \  j  H,H,C"  H»  ;  (JHSy  =   No.  6. 

H,H,H;  C»H*0"  )    ^  IH,H,C»H»;  (7H»0*  =   No.  12. 

H,H,H ;  C»  H»  0*  r  _  JH,C*H',CTP ;  CTPO*  =  No.  14. 

.»o«)f  -  1 

H,H,H;  C»H»0»  1  JH,C*H*.C'H»;  C»H*0»  =  No.  15. 

o)\  -  \  
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Group  D. 

H,H.H;CH»0»l_(a(H,C 
Batyric  acid,  a  (H ;  C  ff  0*)  ; -*  1 

Group  E. 

H,H,H;CIPO'  }  iH,CH 
Butyric  acid.  3  (H ;  C  IF  0^  f  ~  \ 

GroupT. 

HAH;CH'0"  l_(Cff,C 
Acetioacid.  3(H;  CffO")?"! 

H,H,H;CffO'  UJCH". 
Stearic  acid.  3(H ;  C-H-O*)  f "  \ 

It  will  be  observed,  tbat  in  the  formati 
a  gradual  progression  from  the  conditio 
that  of  perfect  aobydrides.  Thus,  the  3 
+  H,C?H'0',  or  hydrated  acetic  acid  p!i 
the  salt  No.  31  is  equal  to  CH-.C"] 
eteaiic  anhydride  plus  the  compound  at 
The  oUier  groups  are  intermediate,  accort 

At  page  73  of  this  work  I  have  given 
the  hydrocarbon  radicals  iu  the  order  of 
that  rule,  the  radicals,  which  form  the  sal 
gtycerides,  are  to  be  arranged  aa  foUowa : 

1.  Ethyl        =   CH' 

2.  Stearyl      =   C"H" 

3.  Palmityl   =    C"H" 

4.  Oleyl        =   C"H" 

5.  Valeryl     ^    C  H"  1 

This  relationship  justifies  me  in  placing 
as  positive  or  basic  against  the  radici 
negative  or  acid,  and  in  ovcrtaming  th< 
attached  to  the  components  of  the  glyci 
that  my  arbitrary  rule  for  discriminating 
aloue  Ju:itifies  my  over-riding  the  opinioi 
subject  by  organic  chemisti,  but  that  thi 
the  importance  of  which  justifies  my  cla 
that  glycoine  is  a  teratomic  alcohol  h 
fonnuhe  (save  only  the  crude  attempts  tc 
model  of  water);  whereas  the  assnmptioi 
rise  to  formuls  that  are  r^;ular,  intelligil 
Let  us  now  examine  why  it  is  that  1 
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monacid,  biacid,  or  teracid,  when  boiled  with  potash,  all  yield  glvcerin 
of  the  same  composition  and  condition  of  hydration.  I  will  adduce  the 
different  stearins  as  examples : 

Monosteartju 

No.  1 2].         H,H,C«H»» ;  C^  H*  OM    _    JH,H,H ;  C  H»  0»  =  Ko.  i]. 

K;HO        f   "    \         K;C«H»0« 

Bistearin  (according  to  Gerhard t). 


C  H»  0»1         (H,H,H ;  C?  H*  0»  =  No.  i1. 
H  OV   =   -{         K;C"H»0« 
HOj  I         K;C"H»0« 


No.  24].  H,C*»IP*,C"H»» 

K 
K 

Terstearin, 

No.  3 1].  (C»H»*)» ;  C»  H»  O*  1  (H,H,H ;  C»  H*  0»  =  No.  i]. 

3(K;H0)       f   °   \     3(K;C«H«0«) 

Bistearin  (according  to  Berthelot). 

K;'      ho)  '         H;      HO 

These  equations  prove  that  every  individual  radical  of  the  fatty  acids 
takes  up  K*  from  KHO  (hydrate  of  potash),  and  that  the  quantity  of  HO 
thus  set  free  is  in  all  cases  exactly  sufficient  to  convert  the  liberat(>d  glycyl 
into  the  tribasic  glycylic  acid,  ffjCH^O*.  The  radicals  of  the  fetty 
adds,  which  act  positively  against  glycyl,  act  negatively  against  metallic 
radicals  and  against  hydrogen.  The  equations  account  for  the  disposal 
of  every  atom  which  is  concerned  in  each  reaction. 

The  compounds  represented  in  Groups  G  and  H  are  of  much  less 
importance  than  those  which  precede  them ;  but  I  will  show  bri^y 
that  they  are  not  inconsistent  with  the  theory  that  I  have  advanced  to 
explain  the  more  important  compounds. 

Group  G.  Usual  Names.  33,  Epichlorhydrin  =  CTPCIO".  34, 
Bichlorhydrin  =  CH«C1"0».  35,  Bibromhydrin  =  C«H«Br'0«.  S«* 
the  note  to  No.  3].  36,  Monochlorhydrin  =  CTI'CIO*.  37,  lodby- 
drin  =  C^'H^IO*.  This  compound  is  decomposed  by  caustic  pota^ 
according  to  the  following  equation : — 

H.CH'O'  +  C-HMO      ^  |S•^^  I  ^o  ft 
K,HO        +       K'.HOf         \,}vi\^   ~  ■•* 

+       H,HO)  ^^^'^  '^^ 

38,  Acetochlorhydrin  =  CWClOf.  39,  Benzochlorhvdrin  =C"H"C10'. 
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Group  H.  UsDAL  Names,  40. 
CIFO*,aSO',  AtiUer.     Gerhanit's  ( 

(CH'Ol 
calls  monobasic,  is  ClSO"     }.     Tl 

Ih'.     I 

and  Pb  instpad  of  Ca,  The  form 
notion  that  the  compound  is  a  doul 
SO*),  the  salt  Ca.SO'  is  neutral  and 
are  fonr  atoms  of  oijgen  in  the  latb 
because  it  is  terbanic  acid,  and  anoth 
radical  acting  as  a  basic  radical. 

41,  Phosphc^ly cerate  of  Baryte 
G«rbardt  gives  the  following  formuL 

(CH'Ol 
callsbibasic;— WPO     \.    4a,  I^ 

Vrij.  43,  Nitroglycerine  =  C^H"! 
with  aqueous  potash,  these  compou 
potash: — 

No.  4a].  IP,(?H'Z*0'\ 

(K,HO)'       \    = 

No.  43].  H'.CH'Z'O'l 

(K,HO)»  i  - 
These  two  compounds,  Nos.  4a,  43 
to  the  salt:^  of  zotic  radicals  descril 
at  page  394,  that  they  admit  of  ano 

The  Doctrine  of  "  Polyatomic 
reader's  judgment.  I  have  placed  tl 
decide  upon  iL     My  summing  np  o 

I.  There  Is  no  such  thing  as  ( 
different  from  Vinyl ;  a  radical  that 
moDflcetate. 

3.  There  is  consequently  no  biat 
glvcol  is  the  only  evidence  to  suppoi 

3.  It  is  easy  to  account  for  the  c< 
assnmptiou  that  glycyl  is  the  rddical 

4.  it  is  impossible  to  give  a  ratio 
the  glycerides  on  the  assumption  tba 
alcohol. 

;.  There  is  consequently  no  e" 
teratomic  alcohols. 

6.  The  Doctrine  of  Polyatomic  A 


i.^.:  ■ 
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Eecent  Proceedings  in  the  French  Academy  of  Sciences, 
respecting  the  Teratomic  Alcohols. 

Just  as  the  final  proof  of  the  preceding  article  on  PoLTATOiac 
Aloohoi^s  was  about  to  be  sent  to  press,  I  read  in  a  French  scientific 
newspaper  {La  Lumierey  29th  August,  1857),  the  following  Artide, 
No.  I .  The  broad  statements  respecting  the  existence  of  acid  quater- 
nions, contained  in  this  Article,  and  the  strong  approval  of  the 
teratomic-alcohol  theory  attributed  to  M.  Chevreul,  induced  me  to 
delay  the  printing  of  my  Article  until  the  arrival  of  the  Comptes  Eendns 
of  17th  August,  1857,  from  which  I  have  extracted  the  Sumnuty, 
No.  a.  These  two  papers  give  the  reader  the  latest  experimentEd 
researches,  and  the  newest  doctrines,  on  the  subject  of  the  teratomic 
alchohols.  After  readmg  them,  I  sent  my  ArUde,  as  it  stood  in 
type,  to  press,  considering  it  was  needless  to  alter  it,  because  its  fisurts, 
arguments,  and  conclusions,  were  in  no  respect  invalidated  by  the  new 
discoveries. 

No.  I, 

"At  the  Sitting  of  the  Academy  op  Sciences,  in  Paris,  on 

THE  17TH  August,  1857, 

"  M.  Chevreul  communicated  to  the  Academy,  in  the  names  of  the 
authors,  MM.  Berthelot  and  De  Luca,  a  complete  treatise  on  the  com- 
pounds which  glycerine,  considered  as  a  teratomic  alcohol,  produces  on 
combining  with  chlorhydric,  bromhydric,  and  acetic  acids. 

'*  It  results  from  this  investigation,  diat  glycerine  presents,  in  com- 
parison with  alcohol,  precisely  ti^e  same  relations  that  phosphoric  add 
presents  in  comparison  with  nitric  acid.  This  latter  acid  forms  with 
bases  only  a  single  series  of  neutral  salts,  that  is  to  say,  the  monobasic 
nitrates;  whereas  phosphoric  acid  produces  with  bases  three  distinct 
series  of  neutral  salts,  namely,  the  monobasic  metaphosphates,  the 
bibasic  pyrophosphates,  and  the  ordinary  tribasic  phosphates. 

''Similarly,  alcohol  produces  with  acids  only  a  single  s^ies  of 
neutral  compounds,  namely,  the  Ethers,  formed  by  the  union  of  one 
equivalent  of  alcohol  with  onef  equivalent  of  acid ;  whereas  glycarine 
forms  with  acids  three  distinct  series  of  neutral  compounds.  Among 
these  compounds,  some  result  from  the  union  of  one  equivalent  of 
glycerine  with  a  single  equivalent  of  acid,  and  correspond  to  the  meta- 
phosphates ;  others  result  from  the  union  of  two  equivalents  of  acid  and 
one  equivalent  of  glycerine,  and  correspond  to  the  pyrophosphates; 
whilst,  finally,  the  third  class,  identic  with  the  natural  fatty  bodies, 
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result  Irom  the  action  of  one  equivEilent  of  glycerine  with  three  equi 
leiits  of  add,  and  correspond  with  the  ordinary  phoephates. 

"  MM.  Berthelot  and  De  Luca  undertook  tiie  ioveetigatjon  o 
certain  number  of  double  and  triple  compounds,  which  result  ftom 
simultaneous  union  of  one  equivalent  of  glycerine  with  two  or  ei 
with  three  different  acids  ;  theae  complex  compounds  are  so  much 
more  interesting,  that  their  analogues  are  found  among  the  natt 
iatty  bodies.  The  compounds  of  this  order  are  easy  of  production 
being  cnity  necessary  to  act  upon  glycerine  with  several  acids  at  or 
The  results  at  which  the  authors  arrived,  complete  the  study  of 
glycerine  compounds,  considered  as  derivatives  of  a  triatomic  alcol 
ccrastitnting  the  most  complete  and  most  general  type  which  has  e 
been  made  known,  of  the  compounds  formed  by  three  acids  combii 
with  glycerine,  either  singly,  doubly,  or  triply. 

"  MM.  Berthelot  and  De  Luca  have  prepared  a  neutral  compooi 
which  contains  glycerine,  brorahydric  acid,  and  chlorhydric  ac 
anoth^'  containing  glycerine,  chlorhydric  acid,  and  acetic  acid;  a  thi 
ctxitaining  glycerine,  bromhydric  acid,  and  acetic  acid,  They  have  s 
prepared  several  intermediate  compounds ;  and,  finally,  they  have  p 
cored  a  compound  which  contains  at  the  same  time  glycerine,  clil 
hydric  acid,  bromhydric  acid,  and  aceUc  acid,  and  which  is  the  £ 
compound  ever  prepared  in  which  three  different  acids  are  corabii 
\rit\i  a  single  equivalent  of  glycerine. 

"  M.  Chevreul  earnestly  pressed  upon  the  notice  of  the  Academy 
importance  of  thiS  new  discovery,  declaring  it  to  be  unprecedented,  t 
as  throwing  a  flood  of  light  upon  the  constitution  of  glycerine." 

No.  2. 
The  COMPonNDS  fobmed  ry  Glycerine  with  Chlorhydric,  Bh< 

BYDRic,  AND  ACRTic  AciDS.     By  MM.  Bebthelot  and  De  Lu 

Comptti  Eendui,  17th  August,  1857. 

"  AfW  different  attempto  to  form  complei  compounds  by  the  succ 
sive  reactions  of  two  or  three  distinct  acids  upon  glycerine,  we  w 
led,  in  order  to  avoid  the  formation  of  very  complicated  miitures, 
cause  the  acids  to  act  upon  the  glycerine  simultaneously  and  in 
nascent  state.  We  produced  the  above-named  acids  in  equivalent  p 
portions,  and  at  the  cost  of  the  glycerine  itself,  by  treating  that  hi 
with  acetic  chloride  and  acetic  bromide.  It  is  known  thai  these  I 
compounds,  when  treated  with  water,  reproduce  acetic  acid  in  compf 
with  chlorhydric  or  bromhydric  add : 

CIPCIO'  +  2HO  =  CH-O*  +  HCl.' 
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**  The  reaction  of  these  bodies  upon  glycerine,  even  when  cold,  is 
extremely  violent.  By  operating  upon  pure  glycerine^  and  sometimes 
upon  glycerine  mixed  with  acetic  acid,  we  have  obtained : 

Ajcetodichlorhydrine : 

C»1PC1«0*  =CTI»0»  +  C*H*0*  +  aHa  -  6H0, 

a  neutral  compound,  volatile  at  about  205^0.,  decomposable  by  baiytes 
with  regeneration  of  glycerine;  by  alcohol  and  chlorhydric  acid  with 
formation  of  acetic  ether ; 

Acetochhrhydrine : 

c*«H»ao«  =  cipo*  +  c*H^*  +  Ha  -  4H0, 

a  neutral  body,  volatile  at  about  250°  C. ; 

Diaoetochbrhydrine : 

C"H"aO«  =  OBTO*  +  2C*H*0*  +  HCl  -6H0, 

a  body  which  volatilizes  at  about  245°  C,  and  which  it  is  difficult  to 
obtain  free  from  triacetine. 

**  The  acetic  bromide  gives  origin  to  anfQogous  compounds  which  it 
did  not  appear  to  be  necessary  to  examine  in  detail. 

"Finally,  glycerine,  treated  by  a  mixture  of  equal  equivalents  of 
acetic  chloride  and  acetic  bromide,  has  furnished : 

Acetochbrhydrobromhydrine : 

C"H»C1BK)*  =  OH*0«  +  eH*0*  +  HG  +  HBr  -  6H0, 

a  neutral  compound,  volatile  at  about  228°  C,  and  the  first  compound  in 
which  three  distinct  acids  have  been  found  combined  at  the  same  time 
with  a  single  equivalent  of  glycerine. 

**  According  to  these  fects,  and  to  those  whicli  we  have  already  pub> 
lished,  the  three  acids,  chlorhydiic,  bromhydric,  and  acetic,  can,  by 
combining  with  glycerine,  produce  at  least  nineteen  distinct  neutial 
compounds,  of  which  the  following  is  a  list : — 


OOOOOOOi 
[0  EC  Sh  BWM  U  I 

r  t  I  t  r  I  I 

6         i). 


THE  DOCTRINE  OF  PDLTATOIIIC  ALCOHOLS. 

is  is  the  most  complete  type  that  has  ever  becD  devdoped  by 
ent  of  the  complex  compouDds  which  cao  be  prodncei  l^  a 
c  alcohol.  Combinations  of  this  order  are  always  produced 
e  act  upon  glycerine  with  two  acids  at  once.  It  was  thus  thtt 
la  had  previously  obtained  acetochlorhydrine  by  the  aimultaneou 
f  chlorhydric  and  acetic  acids ;  benzochlorhydrine,  valerochlot- 
Mtearochlorhydrine,  bntytochloThydriDe,  etc.  By  acting  upon 
e  with  a  mixture  of  butyric  and  sulphuric  acids,  we  W« 
1  &  neutral  cosipomid  whidi  can  be  considered  as  a  mixtoie  of 
arts  of  tribntyrine  and  of  a  glycerine  formed  conjointly  by  llie 
Is,  butyric  and  sulphuric, 

The  D&uti/rosuljAurme : 

0^"S0"  =  CTH-O*  +  2CfH'0'  +  SO-H  -  6H0. 

is  explains  a  great  iinmb«>r  of  facts  that  are  observed  in  the 
f  natural  iatty  bodies,  and  notably  the  existence,  signalised  by 
^louze  and  Boudet,  of  certain  crysUllisable  complex  prodocte,  is 
glycerine  is  combined  at  the  same  time  with  two  fatty  tait. 
e  phenomena,  the  theoretical  interpretation  of  which  has  hitherto 
scure  and  incomplete,  can  now  be  explained  by  the  properties  of 
nic  alcohols,  in  a  manner  the  most  simple  and  most  ccmfonniUe 
gies, 

show  all  the  riches — all  the  variety  of  compounds — of  whidi 
ory  permits  us  to  foresee  the  existence,  it  suffices  to  dte  the 
g  numbers :  glycerine,  on  combining  with  n  adds  in  equal 
nts,  forms  n  neutral  compoonds;  with  2  equivalents  of  these  n 

iken  I  to  I,  or  3  to  2,  it  can  form — —  neutral  com- 

with  3  equivalents  of  these  n  adds,  taken  i  to  i,  a  to  a, 

it  can  produce  — ^ r\ — — ^  neutral  compounds.    If  we 

lie  existence  of  a  thousand  distinct  acids,  a  number  that  is  cer- 
>Iow  the  reality,  the  multitude  of  glycerine  compocuds  of  the 

der  will  consequently  be  equal  to ,  that  is  lo 

tty  nearly  two  hundred  millions. 

:  see  to  what  an  almost  infinite  varie^  of  complex  compoands, 

ilogous  to,  or  identical  with,  certain  natural  substances,  we  on 

^n  by  c<«ibiQing  a  small  nnmb^  of  compounds  with  the  pdy- 

Icohols." 


e  to  have  in  one  Uttle  corner  of  chaoiistty  "  two  handled 
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millions"  of  complex  compounds,  bearing  such  names  as  chlorhy- 
drobromhjdrine,  bromhydrodichlorhydrine,  chlorhydrodibromhydrine, 
aoetochlorhydrobromhydrine,  and  dibutyrosulphmine,  and  having  these 
names  exfdained  by  such  awkward  squads  of  symbols  as  constitute  the 
''  unitary"  formulae,  which  I  have  quoted  on  page  389,  heaven  help  the 
future  student  of  chemistry,  and  give  him  a  longer  life  and  a  better 
memory  than  is  allotted  to  mortal  man  in  these  days  I 

If  the  discovery  of  these  compounds  throws  so  extraordinary  a  flood 
of  light  over  the  constitution  of  glycerine,  why  is  it  that  MM.  Berthelot 
and  De  Luca  have  not  dissected  their  unitary  formulse  into  rational 
formulae  ?  If  that  dissection  is  neglected  while  chemists  are  enlightened 
by  this  flood  of  light,  how  is  it  ever  to  be  eflected  afterwards  ?  Why 
have  these  gentlemen  not  favoured  us  with  an  interpretation  of  the 
formulae  G'^H^ClBrO*,  which  is  assigned  to  the  compound  called  Aceto> 
chlorhydrobromhydrine,  and  of  which  compound  it  is  said,  that  *Mt 
contains  at  the  same  time  glycerine,  chlorhydric  acid,  bromhydric  acid, 
and  acetic  acid,  and  is  the  first  compound  ever  prepared,  in  which  three 
different  acids  are  combined  with  a  single  equivalent  of  glycerine  T* 

As  the  authors  have  not  answered  that  question,  I  will  answer  it. 
Acetochlorhydrobromhydrine  does  not  contain  glycerine,  it  does  not 
contain  chlorhydric  acid,  it  does  not  contain  bromhydric  acid,  it  does  not 
contain  acetic  acid ;  and  yet  it  is  said  to  contain  all  four.  Here  we 
come  upon  a  question  of  fact,  and  that  question  must  be  settled  before 
we  have  any  talk  about  theories.  The  authors  take  four  hydrated  acids, 
which  acidis  have  among  them  six  replaceable  atoms  of  hydrogen, 
which  hydrogen  is  indispensable  to  the  completion  of  the  acids,  as  acidSy 
and  cannot  be  separated  flrom  them  without  terminating  their  existence, 
as  adds.  The  authors  separate  from  these  four  acids  all  the  six  atoms 
of  hydrogen,  in  company  with  three  atoms  of  oxygen  belonging  to  the 
acetic  and  the  glyceric  acids,  and  they  then  combine  together  the  residues 
of  the  four  acids  lefl  by  the  abstraction  of  these  nine  essential  atoms, 
and  having  done  that,  they  affirm  that  this  compound  of  the  four  residues 
contains  in  &ct  all  the  four  acids  with  which  they  commenced  operations. 

This  method  of  philosophising  reminds  me  of  a  joke  to  be  found  in 
the  ps^es  of  our  old  friend  Joe  Miller.  You  take,  according  to  his 
lecomLmendation,  the  word  **  majesty."  You  abstract  the  two  ends  of  it, 
and  having  thus  produced  the  residue,  *'a  jest,"  you  insist  that  this 
residue  is  still  '*  majesty,"  only  minus  its  externals.  In  like  manner, 
our  authors,  in  the  present  case,  take  the  formula  HCl,  which  represents 
hydrocloric  acid ;  diey  remove  H  and  leave  01,  and  then  they  insist 
that  the  residue,  CI,  is  still  hydrochloric  acid,  having  only  undergone 
the  trifling  abstraction  of  its  external  hydrogen.  The  blunder  which 
is  committed  by  these  gentlemen  is  that  of  treating  the  negative 
radicals  of  acids  as  if  they  were  the  same  things  as  the  acids  in  a 
state  of  completeness,  and  the  blunder  is  one  that  vitiates  the  whole 
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train  of  their  reasoning.  In  acetochlorhydrobromhydrine,  instead  of 
having  the  four  complete  acids  which  are  stated  to  be  its  constitaeDts, 
we  have  only  the  radical  CH',  the  radical  CH*,  the  radical  CI,  and  the 
radical  Br,  with  two  remaining  atoms  of  oxygen.  The  simplest  rational 
formula  for  a  compound  containing  only  these  residues  is, 

C»H*,BrO  +  C»H«,C10 ; 

according  to  which  formula  the  compound  is  a  combination  of  ozychlo- 
ride  of  acetyl  with  oxy bromide  of  glycyl,  and  it  contains  not  one  of  the 
four  acids  which  we  are  desired  to  believe  to  be  collectively  contained  in 
it.  To  offer  such  a  compound  as  this,  as  evidence  of  the  truth  of  the 
theory,  that  glycerine  is  a  teratomic  dhoJwl^  which  can  combine  at  once 
with  three  different  adds,  is  to  suppose  that  we  have  lost  the  power  to 
observe  facts,  and  the  right  to  judge  of  their  relations.  If  scientific 
academicians  admit  such  theories  as  this,  proved  by  such  e\'idence,  to 
be  true  philosophy,  they  ought  to  be  punished  by  being  made  to  commit 
to  memory  the  two  hundred  millions  of  hard*  words,  which  MM.  Ber- 
thelot  and  De  Luca  threaten  to  inflict  upon  us. 

But,  now,  let  it  be  understood,  that  I  am  making  no  objections  to 
the  experiments  and  discoveries  of  these  gentlemen,  which  are  really 
valuable.  I  object  only  to  the  ridiculous  theory  of  polyatomic  alcohols, 
by  which  the  interpretation  of  their  results  is  caricatured.  When  tiie 
new  compounds  are  stripped  of  these  dainty  devices,  we  perceive  their 
value  and  utility. 

Here  follows  a  different  interpretation  of  the  20  compounds  described 
in  the  above  Table.  Several  of  them  have  been  already  inserted  at 
pages  374,  375,  namely,  at  Nos.  36,  6,  34,  35,  14,  38,  and  26,  in  the 
list  there  printed ;  but  I  repeat  them  here,  to  fecilitate  the  comparative 
view  of  the  formulae  and  nomenclature  of  the  whole  set  of  compounds, 
according  to  the  two  systems. 

1.  H,C»H*0*  4- HCl    .     •  Hydra  glycylete  cum  hydra  chlora. 

2.  H,C*H*0"  +  HBr  .     ,  Hydra  glycylete  cum  hydra  broma. 

3.  H,H,C«H' ;  CffO*      .  Hydren  acetyla  glycylote. 

4.  CH*,C10  -f  HCl    .     .  Glycyla  chlorate  cum  hydra  chlora. 

5.  CH*,BrO  +  HBr   .     .  Glycyla  bromate  cum  hydra  broma. 

6.  C?H*,BrO  +  HCl    .     .  Glycyla  bromate  cum  hydra  chlora. 

7.  H,(C*IP)" ;  C*H»0* .     .  Hydra  acetylen  glycylute. 

8.  H,C«H*0«  -h  C»IP,C10.  Hydra  glycylete  cum  acetyla  chlorate. 

9.  H,C^*0"  4-  C"IP,BrO  Hydra  glycylete  cum  acetyla  bromate. 

10.  C*H*C1,C1  +  HCl    .  .  Chloric-glycyla  chlora  cum  hydra  chlora. 

1 1.  C?H*Br,Br  4.  HBr  .  ,  Bromic-glycyla  broma  cum  hydra  broma, 

12.  CH*Br,Cl  4- HCl   .  .  Bromic-glycyla  chlora  cum  hydra  chlcxa. 

13.  CH*Br,Cl  4-  HBr  .  .  Bromic-glycyla  chlora^cum  hydra  broma. 

14.  (CIT)';  0»H*0»     .  .  Acetyhne  glycylaze. 


GLYCEBISB,  THE  TERATOMIC  ALOOH( 

1 5.  CH',aO  +  CH»,CITO'  Glycyla  chlorate  cum 

16.  CH'.BrO+  CH'.CH'O'  Glycyla  bromate  cum 

17.  CH'.CIO  +  CH»,CJO .     Glycyla  chlorate  cum 

18.  eH\BrO  +  C?H',B[0      Glycyla  bromate  cnin 

1 9.  CI*H»,  BtO  +  Cff.aO      Glycyla  bromate  cum 

30.  {7H',S0'  +  ClP.CirO'  Glycyla  sulphite  cum 
[In  this  Table  H  =  i,  C  =  13,  O  = 

These  formiils  do  not  exhibit  the  slightest  trace  0 
teratomic  alcohol ;  but,  on  the  other  hand,  the  cloud 
by  the  unitary  formnlffi  being  cleared  away,  we  pei 
poonds  are  all  double  sails  of  very  definite  and  intel 
I  need  not  repeat  the  arguments  that  have  been  aire 
conHne  myself  to  a  few  eiplaoatory  notices.  Noe 
pounds  of  monobasic  glycylic  acid  with  hydrogen  at 
much  safety  declare  that  glycylic  add  is  allylic  at 
pounds  go  far  to  prove  that  allyl  and  glycyl  are  iden 
14,  are  the  three  acetines,  which  have  been  fully  disci 
and  36  of  the  former  series.  4,  5,  and  6,  are  compo 
and  oiybromide  of  glycyl  with  hydrogen  acids,  8  ai 
of  monobasic  glycylic  acid  with  oiychloride  and  01 
10,  II,  13,  13  are  bichlorides,  bibromides.  Sec.  ol 
broraic-glycy],  that  is  to  say,  of  glycyl  in  which  H'  t 
CI'  or  Br*.  This  vice-radical  is  analogous  in  its 
bromic-phenyl  and  chlmic-phenyl,  which  occur  in  tb« 
page  376.  I J  and  16  are  compounds  of  oxychloride 
glycyl  with  anhydrous  acetic  acid.  17,  i9,  and 
compounds  of  oiychloride  and  oiybromide  of  acet^ 
and  oiybromide  of  glycyl.  No,  20  represents  a  dou 
containing  two  acid  radicals  and  consequently  three  a 
will  be  seen,  that  the  theoretical  views  which  I  hai 
reason  for  the  quantity  of  oxygen  which  is  present 
and  for  Its  allotment  to  special  salts.  According  to 
the  quantity  of  oxygen  which  remain*  in  each  compt 
the  hydrt^en  did  not  rsjatre  for  ite  conversion  into  ■ 
ing  to  my  view,  the  oxygen  that  remains  is  that  wli 
the  number  and  the  chemical  powers  of  the  residual 

If  the  chemical  qnatemions  which  appear  in  t 
really,  as  MM.  Berthelot  and  De  Luca  describe  tl 
drated  acids,  it  would  be  indeed  a  marvellous  thii 
them  shonld  be  perfectly  neutral.  But  when  we 
nentral  compounds  are  anhydrides,  and  reflect  that 
anhydride  is  neutral,  the  wonder  ceases ;  and  we  p 
moval  from  the  compomids  of  the  basic  hydrogen  is 
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chemical  power,  by  means  of  which  the  acidity  of  the  hydrated  acid  was 
made  manifest.  Hence  it  is  consistent  with  all  analogies,  that  such 
compounds  as  Nos.  15  to  20,  each  formed  by  fom*  acids,  should,  after 
abandoning  3HHO,  become  perfectly  neatral.  Let  it  be  remembered, 
however,  that  these  compounds,  though  formed  by  four  acids,  do  not 
oontaxn  four  acids. 


NiTRO-GLYCERiNE. — A  note  by  Professor  Williamson  on  this  com- 
pound appears  in  the  Proceedings  of  the  Royal  Society  for  June  15, 
1854.  By  acting  on  glycerine  with  a  mixture  of  nitric  and  sulphuiic 
acid,  he  produced  a  compound  of  the  following  constitution : 

CTPO*  +  sNO*  =  C^NO*^  +  3HO. 

He  considers  that  3H  in  glycerine  are  replaced  by  jNO*.  On  boiling 
this  compound  with  a  concentrated  solution  of  potash,  it  produced  gly- 
cerine and  nitrate  of  potash.  See  Railton's  Nitroglycerine,  No.  43, 
page  385,  with  which  Williamson's  nitroglycerine  is  identic. 

Hence  it  appears  that  Professor  Williamson  was  on  the  point  of  dis- 
covering in  1854  those  relations  of  glycerine  to  acids,  which  Berthebt 
and  De  Luca  have  been  engaged  in  determining  since  that  period. 

At  Nos.  42  and  43,  I  have  formulated  nitroglycerine  as  if  it  coDtained 
a  zotic  vice* radical,  which  is  the  view  that  best  accords  with  the  com- 
monly-received opinion  of  its  constitution ;  but  the  recent  experiments 
of  MM.  Berthelot  and  De  Luca  point,  I  think,  to  conclusions  that  are 
more  accurate,  and  which  may  be  expressed  as  follows : 

No.  42,  De  Vrij*s  Nitroglycerine : 

~  I     H  'nO»i  ~  Glycyla  nitrote  cum  hydra  nitrite. 
No.  43,  Williamson  and  Railton's  Nitroglycerine: 

—  <     N  NO' I   ~  Griycyla  nitrote  cum  nitra  mtrute. 

Hence  No.  42  is,  in  Berthelot's  language,  Binitrine,  and  No.  43  is 
Temitrine.  We  have  yet  to  find  Mononitrine,  the  formula  of  which  will 
be,  H,C»H*0*  +  H,NO".     Expressed  synoptically,  these  three  salts  are: 

Mononitrme  =»  H,H,N ;  C»H»0*. 
Binitrine  =  H,N,N ;  OWCf. 
Temitrine     =  N,N,N ;  CHXy. 


Theory  of  Polybasic  and  Conjugated  Acid 

Cbemists  have  divided  the  salts  of  oi^anic  adds  into  thic 
which  are  said  to  contain  one,  two,  or  three  equivalents  of  base  < 
with  one  eqnivaleDt  of  acid.  This  classificatioD  is  bo  simple  a 
clear  of  all  difficnities ;  but  when  we  examine  the  facts,  we  fine 
distribution  of  salts  into  these  three  classes  is  impracticable. 
and  other  chemists  have,  it  is  true,  provided  th«r  disdples  wil 
aace  of  rules  for  diacriminating  these  different  classes  of  acids 
another.  But  Gmelin — that  master-spirit  among  systematic  cl 
while  explaining  and  illustrating  these  rules,  nolMeB  them  i 
short  condemning  sentence.  "  It  Is  difficult,"  he  says,  "  to  d< 
any  degree  of  certainty"  [with  aiti/  degnt  of  certaxniy  l"]  "  ytl 
Ibnntlia  of  an  acid  should  be  so  written  as  to  make  the  acid  n 
or  twic«:  as  great  so  as  to  make  it  bibasic,  or  three  times  as  gi 
to  make  it  terbasic." — (Handbook  of  Chmistry,  185a,  vii.  19S 

The  law  of  simplicity,  which  native  always  obeys,  exacts  fr 
sophers  the  simplest  possible  interpretatiOD  of  every  pfaenomei 
chemical  fiict  can  be  explained  by  reference  to  too  i^emical  atoi 
violation  of  the  law  of  simplicity  to  explain  it  by  reference  to  j 
ax  atoms ;  and  this  violation  of  a  tundamenlal  law  ought  noi 
unless  enforced  by  oveqMwering  &ct3.  If  it  is  possible  to  e: 
constitution  of  salts  by  reference  to  monobasic  acids,  it  is 
resort  to  bibasic  acids  or  to  terbasic  acids,  or  to  any  other  ir 
complex  fbnn  of  combination.  The  exist«nce  of  such  irr^ 
pounds  ought  only  to  be  admitted  when  proved  by  stringent  e 

But,  according  to  Gmelin,  many  of  these  polybasic  acida 
ported  by  no  evidence  whatever.  They  are  not  facts  in  chen 
contrivances  in  arithmetic  Yoo  make  a  monobasic  acid  into 
acid  by  donbilng  its  formula.  You  make  it  into  a  terbasii 
tripling  its  formula.  And  "  it  is  difficult  to  decide  with  any 
certdnty"  whether  the  effects  produced  by  this  multiplication 
or  wrong. 

There  can,  at  any  rate,  be  litde  difficulty  in  deciding,  wl 
practice  of  such  manoeuvres  is  right  or  wrong.  The  law  of 
forbids  it.  The  doubling  and  tripling  of  formulie,  when  not  co 
by  &cts,  and  whoi  resorted  to  for  the  purpose  of  bolstering  n 
that  are  supported  by  no  other  evidence,  is  a  trick  which  men 
should  scorn. 

If  it  is  "  difficult  to  decide  \eitk  any  degree  of  c*rtamty"  w 
add  with  a  doubled  or  tripled  formula  is  really  bibasic  or  U 
benefit  can  be  derived  from  the  acceptance  as  rwditles  of  com 
purely  hypothetical ;  for,  af^  we  have  mautiActured  them,  ' 
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safely  use  them,  being  placed  in  the  unscientific  predicament  of  fioondering 
amidst  uncertainties.  If  acids  are  truly  polybasic,  plain  facts  will  be 
forthcoming  to  prove  it  If  polybasic  acids  are  phantoms,  undiscover- 
able  in  nature,  unsupported  by  experiment,  and  resulting  only  from  the 
duplication  or  triplication  of  the  formulsB  of  monobasic  acids,  the  reoog^ 
nition  of  such  things  as  scientific  facts,  is  a  mockery  of  scienti& 
exactness. 

Let  us  examine  these  so-called  polybasic  acids  with  a  determination  to 
find  out  what  they  really  are.  We  resolve  beforehand  not  to  be  de- 
ceived by  the  masquerading  habits  in  which  mobs  of  atoms  may  be 
attired,  to  play  the  part  of  daws  in  borrowed  plumes.  When  we  come 
xx^n  a  terbasic  acid  whose  status  seems  to  depend  upon  a  formoh 
written  *'  three  times  as  great "  as  that  of  a  monobasic  add,  or  upon  a 
bibasic  acid  whose  letters  of  recommendation  are  *'  twice  as  great"  as 
those  of  a  monobasic  acid,  we  will  examine,  whether  these  pretentious 
bodies  are  actually  polybasic  acids,  or  only  things  that  are  made  to 
appear  like  polybasic  acids  by  the  force  of  cumulative  symbols ;  we  will 
ascertain  whether  they  are  objects  in  nature,  or  contrivances  of  art; 
whether  they  have  been  discovered  in  the  laboratory,  or  invented  at  the 
writing-desk.  In  other  words,  we  will  endeavour  to  determine  whether 
there  really  exist  such  compounds  as  polybasic  acids,  or  whether  all 
adds  are  not  invariably  and  absolutely  monobasia  The  theory  of  the 
constitution  of  salts  ought  not  to  remain  in  the  state  of  dreary  doubtfbl- 
ness  in  which  Gmelin  represents  it  to  be.  Chemists  must  either  prow 
that  polybasic  acids  are  polybasic — absolutely  and  unquestionably  poly- 
basic, and  not  polybasic  by  convention  upon  the  strength  of ''  trimmed" 
formulae — or  they  must  cease  to  use  a  term  which,  on  the  iailore  of  such 
proof,  must  be  held  to  countenance  an  illusion. 

For  my  part,  I  reject  the  commonly-received  doctrines  respecting 
polybasic  acids  in  toto,  and  I  hope  to  be  able  to  prove  to  the  reader  that 
those  doctrines  are  unworthy  of  credit.  A  salt,  as  I  understand  that 
term,  is  a  compound  of  two  radicals,  which  may  be  either  simple  or 
compound,  oxidised  or  not  oxidised,  but  each  of  which  radicals  must  be 
equivalent  to  one  volume  or  one  atom  of  hydrogen.  I  do  not  admit  thst 
one  acid  radical  can  combine  directly  with  two  or  with  three  basic 
radicals,  nor  that  one  basic  radical  can  combine  directly  with  two  at 
with  three  acid  radicals.  The  saturating  capacity  of  a  radical  never 
changes.  It  is  always  equal  to  the  equivalent  of  one  volume  of  hydrogen. 
I  admit,  nevertheless,  that  salts  exist  which  contain  unequal  numbers  of 
basic  and  acid  radicals,  and  I  explain  that  &ct  by  the  following  hypo- 
thesis: 

Let  B  =  any  Basic  radical. 
A  s  any  Acid  radical. 

The  formula  B  +  A  represents  most  of  the  salts  with  which  we  are 
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acqoaiDted,  such  as  the  sulphates,  the  oxalates,  tl 
zoates,  and  other  normal  salts  of  moDobasic  acidi 
questioD  of  the  combiuatioii  of  two  radicals,  leaving 
r^ardti  its  quantity  and  ita  distributioD,  entirely  oul 
The  normal  salt  B  +  A,  1  consider  to  be  able  to 
against  A,  and  as  an  acid  radical  agaiost  B.  Het 
bine  with  the  radical  B,  and  produce  the  compoant 
this  manner  the  carbonates  are  produced.  See  pag 
are  bibasic  and  monacid.  In  the  same  way,  the  ao> 
combine  with  the  radical  A,  and  produce  the  comp 
In  this  manner  we  obtain  the  hyposulpbates.  Se 
salts  are  monobasic  and  biacid.  Thus,  we  bave  a 
salts  into  three  classes : 

Bibasic  and  monacid    =   B,BA, 
Normal  =       BA. 

Monobasic  and  biacid  =       BA 

These  three  classes  of  salts  are  distinguishable  by  . 
no  oncerlaiDties.  The  cloud  which  everlastingly 
pounds  of  "  adds  and  bases,"  disappears  when  yi 
throngh  the  medium  of  the  radical  theory.  You  tl 
nature  of  double  salts,  not  only  of  those  which  are 
the  sense  which  I  have  just  explained,  but  of  these  v 
time  bibasic  and  biacid,  or  which  are  double  salts  i 
of  that  term ;  such  as  the  sulphites,  the  bisulphat«s, 
In  the  preceding  pages,  I  have  thoroughly  investig 
of  these  several  classes  of  salts ;  and  in  t^e  article 
have  especially  shown  in  what  manner  the  acids 
called  bibasic  and  terbasic,  may  be  reconciled  wi 
admits  of  none  but  monobasic  acids,  or,  to  speak  i 
the  theory  which  assumes  that  every  radical  has,  vui 
the  saturating  capacity  of  a  single  volume  of  hydroge 
which  nothing  can  increase  uor  diminish. 

Undoubtedly,  the  bibasic  phosphates  contain  hi 
the  terbasic  phosphates  co&tain  three  basic  radical: 
radical,  provided  you  narrow  the  meanmg  of  the  te 
to  make  it  include  only  the  phosphorus  of  these 
giving  to  the  term  acid  radial  a  wider  signification. 
occur  in  the  phosphates,  exclusive  of  phosphorus,  s 
and  hydrocarbons.  None  of  these  radicals  are  neces 
ucC  the  part  of  acid  radicab.  I  have  shown  that 
force  of  one  set  of  circumstances,  can  act  as  an 
decidedly  as,  under  the  force  of  another  set  of  circ 
as  a  basic  radical.  In  water — if  the  formula  H  +  ] 
model — hydrogen  acts  both  as  a  basic  radical  and  a 
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in  the  consequences  which  flow  from  the  adoption  of  this  model,  we 
have  ample  evidence  of  the  fact,  that  what  we  call  basidtv  and  addity^ 
are  qnalities  that  are  relative  and  not  absolute ;  so  that  either  of  them 
may  be  justly  applied  to  the  same  radical  placed  under  the  action  of  dif- 
ferent chemical  forces.  Thus,  in  hydrate  of  lime  =  Ga  +  HO,  the  cal- 
cium is  a  basic  radical,  while  in  quicklime  =  Ca  +  CaO,  the  oxidised 
atom  of  calcium  is  in  the  condition  of  an  acid  radical  If  Ca  +  CaO 
comes  into  reaction  with  H  +  HO,  double  decomposition  occurs,  and  the 
basicity  and  acidity  of  the  four  radicals  are  so  changed,  that  both  the 
atoms  of  Ca  become  basic,  and  both  the  atoms  of  H  become  add : 

Ca,CaO  +  H,HO  =  Ca,HO  +  Ca,HO. 

Tills  hypothesis  is  in  accordance  with  the  electro-chemical  theory,  and 
commands  all  the  support  which  that  theory  can  give  it 

According  to  this  method  of  viewing  the  relationships  of  radicals,  the 
salts  that  are  called  terbasic  phosphates  and  bibasic  phosphates,  are  not 
to  be  considered  as  compounds  respectively  of  three  atoms  of  base  and 
two  atoms  of  base  with  one  atom  of  add,  but  as  double  and  triple  salts 
in  which  the  number  of  basic  radicals  and  add  radicals  is  in  all  cases  the 
same.     Thus : 

KO  +  POO      The  monobasic  phosphate,  a  single  normal  salt 

{-TTQ    ,    pryrx)  The  terbasic  phosphate,  a  double  salt,  con- 
K  X  KO   r       ^^^li^g  A  monobasic  phosphate  and  a  salt 
"^  '       on  the  model  of  water. 

I    K"  X  KO  r  I  "^^^  bibasic  phosphate,  a  triple  salt,  containing 

both  the  above  varieties. 


(jKo  +  poon 

\\  K  +  Ko  n 

I  KO  +  POO  j 


I  have  entered  so  ful)y  into  details  respecting  the  constitution  of  the 
Phosphates,  in  the  article  given  at  page  138,  that  I  need  only  to  refer  to 
that  article  for  farther  explanations,  and  for  evidence  of  the  &cts.  The 
conclusion  to  which  I  wish  to  bring  the  reader^s  attention  is,  that  if,  as  I 
assume,  the  phosphates  are  multiple  salts,  built  up  of  normal  monobasic 
salts,  they  lend  no  support  to  the  commonly-received  doctrines  respecting 
the  constitution  of  polybasic  organic  adds ;  so  that,  when  we  come  to 
examine  the  constitution  of  oi^nic  acids,  we  are  not  to  be  led  astray  by 
the  intimation  that  this  acid  is  terbasic,  and  that  that  add  is  bibasic, 
because  their  salts  agree  in  form  with  the  terbasic  and  the  bibasic  phos- 
phates, but  we  are  to  insist  that  every  add  which  claims  to  be  terbasic 
or  bibasic  shall  individually  supply  evidence  to  justify-  its  particular  claim. 
If  we  pursue  that  course,  I  expect  that  we  shall  end  our  inquiry  by  prov- 
ing that  the  theory  of  Polybasic  Acids  is  a  fallacy. 


'I  ..I  JHUJUipf 


n 


■■:  <w 


BI3XTLPHATES  OF  ALOOHOL  RADICALS.  399 

Before  I  proceed  to  the  critical  analysis  of  bibasic  and  terbasic  acids,  I 
must  trouble  the  reader  with  a  glance  at  the  theory  of  conjugated  adda; 
for  I  find  it  to  be  inoipossible  to  keep  the  details  respecting  polybasic 
acids  and  conjugated  acids  from  intermixture. 


Bisulphates  of  Alcohol  Badicals. 

The  positive  or  basic  radicals  of  the  vinyl  series  combine  with  sulphur 
and  oxygen  to  form  a  variety  of  salts, — sulphates,  sulphites,  &c.  In  each 
of  these  salts,  that  quantity  of  the  compound  radical  which  is  equivalent 
to  one  volume  of  hydrogen,  replaces  one  atom  of  hydrogen  of  the 
hydrated  acid,  and  produces  a  neutral  salt ;  such  as — 

CIP,SO"     =  Sulphate  of  methyl. 
C*H»,SO«     =  Sulphate  of  amyl. 

=  C«H*,SO  +  C»H»,SO»(  =  Sulphite  of  ethyl. 

When  these  salts  are  gaseous,  their  atomic  measure  is  the  same  as  that 
of  their  positive  radicals,  because  neither  sulphur  nor  oxygen  exhibits  any 
measure  in  gaseous  salts. 

These  neutral  sulphates  and  sulphites  of  alcohol  radicals  have  the  pro- 
perty of  forming  double  or  acid  salts  by  combining  with  an  equivalent  of 
hydrated  acid.     Thus  we  obtain  such  compounds  as  the  following : 

CH»,SO«  +  H,S0»1       n-    M..     ^      .i.  i 
c=  H-  CIP-  CSO*yr  "  ^^sulphate  of  methyl, 

=  H ;  C»H*»;  (SO«)«J   "  ^^^P^^te  of  amyl. 

=  C«H»,s6  +  H,S0»f  •  Bisulphite  of  ethyl. 

In  all  of  these  salts,  the  atom  of  H  is  replaceable  by  any  other  basic 
radical,  simple  or  compound;  by  which  replacement  it  is  possible  to 
produce  a  great  variety  of  salts,  in  accordance  with  the  above  formulae. 

This  is  my  view  of  the  constitution  of  this  class  of  double  salts ;  but 
the  view  which  is  commonly  accepted  by  chemists  is  entirely  different, 
and  it  is  into  the  investigation  of  the  propriety  of  this  different  view, 
that  I  have  to  request  the  reader  to  follow  me. 

According  to  liie  conunon  opinion,  the  oxidised  sulphur  contained  in 
one  of  these  salts  is  directly  combined  with  its  oxidised  organic  radical, 
into  a  ''Conjugated"  ''Copulated"  "Coupled"  or  "Colligated"  Acid, 
which  acid  produces  salts  by  combining  with  HO  or  MO,  considered  a 
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a  Base.  Now,  I  deny  that  there  is  any  evidence  to  prove  the  formatioD 
of  such  Conjugated  Acids,  or  ^at  the  organic  radical  ever  acts  otherwise 
in  these  salts  than  as  a  basic  radical,  neutralising  one-half  of  the  oxidised 
sulphur,  or  that  proportion  whose  hydrogen  it  replaces,  and  leaving  £nee 
for  action  the  other  half  of  the  oxidised  sulphur,  whose  hydrogen  it  has 
not  replaced,  and  whose  saturating  capacity  it  has  not  nullified.  The 
problem  for  determination,  therefore,  is,  whether  the  alcohol  radicals 
which  are  present  m  these  salts,  act  as  basic  radicals^  or  as  ingredienU  m 
conjugated  acid  radicals.  I  shall  confme  the  discussion  at  present  to  the 
bisulphates,  leaving  the  investigation  of  other  sulphur  salts  to  other 
sections. 

The  following  formulae  are  written  according  to  my  notation  and 
atomic  weights : 

C?H*,SO»  +  H,SO«   =   H;C«H»;(SO«)«. 
C«H*,SO"  +  K,SO«   =   K;  C«H*;(SO»)«. 

The  first  of  these  salts  is  the  double  sulphate  of  ethyl  and  hydrogen.  It 
is  commonly  called  the  sulphovinic  acid.  The  second  salt  is  the  doable 
sulphate  of  ethyl  and  potassium.  It  is  commonly  called  the  sulphovinate 
of  potash.  Their  names  according  to  the  new  nomenclature  are  as 
follow : 

H ;  CT'H* ;  (S0^«   =   Hydra  ethyla  bisulphete. 

K;  C*H*;  (SO*/   =   Potassa  ethyla  bisulphete. 

In  organic  chemistry,  we  find  a  multitude  of  sulphates  of  this  descrip- 
tion, each  of  which  contains  ethyl  or  some  other  basic  radical  of  the  vinyl 
series,  and  in  all  of  them  the  basic  H  or  K,  is  replaceable  by  any  other 
metal  or  basic  radical,  producing  an  extensive  series  of  double  sulphates, 
agreeing  exactly  in  composition  with  the  double  sulphates  of  the  in- 
organic kingdom.  See  page  1 50.  But  organic  chemists  are  not  content 
to  consider  the  sulphovinates  as  double  sulphates.  That  would  be  in 
effect  the  accommodation  of  organic  chemistry  to  the  rules  of  inorganic 
chemistry,  whereas  it  appears  to  be  an  article  of  faith  with  the  profess(»^ 
of  organic  chemistry  that,  before  all  things,  it  is  necessary  to  cat  an 
impassable  trench  between  the  two  departments  of  the  science,  and  so 
prevent  their  intermixture.  Hence  the  "  conjugated  sulphates"  are  re- 
moved from  the  domain  of  inorganic  chemistry:  each  of  them  is  assumed 
to  be  something  different  from  an  ordinary  bisulphate,  and  is  raised  to 
the  dignity  of  a  special  acid,  and  made  the  beading  of  a  new  chapter  in 
every  book  on  organic  chemistry.  From  this  notion  arise  the  sulphovmic 
acid,  the  sulphomethylic  acid,  the  sulphamylic  acid,  the  sulphophenylic 
acid,  the  sulphethalic  acid,  and  scores  of  others ;  all  of  them  prolific 
sources  of  troublesome,  puzzling,  worthless  synonymes,  which  encumber 
the  books,  load  the  memory,  and  hinder  the  progress  of  the  science  which 
their  advocates  sarcastically  make  pretensions  to  advance. 
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What  is  gained  by  the  subdivision  of  chemical  compounds  into 
innumerable  petty  &milies,  founded  upon  distinctions  without  difier- 
ences,  and  which  is  so  common  among  these  conjugated  acids  ?  What 
is  tlie  gain,  beyond  perplexity  and  time-wasting?  The  excuses  com- 
monly made  for  this  practice  are  scarcely  worthy  of  serious  discussion. 
In  regard  to  the  sulphovinates,  the  excuse  is,  that  a  solution  of  this  acid 
gives  no  precipitate  with  a  solution  of  barytes,  and  therefore  it  cannot 
be  a  solution  of  a  sulphate.  The  fact  does  not  warrant  the  conclusion. 
What  the  sulphovinic  acid  could  produce  by  double  decomposition  with 
a  salt  of  barytes,  is,  the  double  stdphate  of  barytee  and  ethyl,  which  is  a 
soluble  salt  and  consequently  not  precipttable.  To  conclude,  from  the 
non-precipitation  of  this  salt,  that  no  sulphates  are  present,  is  to  set  all 
knowledge  of  the  properties  of  double  salts  at  absolute  defiance.  This 
is  not  reasoning ;  this  is  not  chemical  science ;  it  is  only  a  fashion  with 
oi^anic  chemists. 

But  this  excuse  is  bad  for  another  reason.  The  action  of  inorganic 
reagents  upon  the  radicals  of  inorganic  acids  in  the  presence  of  organic 
radicals,  is  almost  always  different  from  the  action  which  they  exercise 
when  none  but  inorganic  radicals  are  present.  This  is  the  case  not  only 
when  the  inorganic  acids  are  combined  with  basic  organic  radicals,  but 
also  when  acid  organic  radicals,  and  even  neutral  organic  compounds, 
such  as  sugar,  are  present  in  the  solution.  The  action  of  the  reagents  is 
different,  because  they  are  applied  under  different  circumstances.  There 
18  a  strong  tendency  in  all  organic  radicals  to  produce  compound  soluble 
salts — ^with  one  another,  and  with  inorganic  radicals.  This  complicates 
the  action  of  the  reagents,  and  it  is  consequently  rash  in  the  highest 
degree  to  declare  that  a  solution  contains  no  sulphuric  acid,  merely  be- 
cause it  gives  no  precipitate  with  a  solution  of  barytes  in  the  known 
presence  of  organic  radicals. 

The  absurdity  of  setting  forth  these  double  sulphates  as  conjugated 
acids  is  best  seen  if  we  compare  one  of  them  with  a  double  sdt  of 
similar  constitution,  but  having  an  inorganic  positive  radical : 

C*H»,SO«  +  HSO«  =  Bisulphate  of  ethyl. 
K,SO"  +  HSO*  =  Bisulphate  of  potash. 

These  two  compotmds  are  equivalent,  atom  for  atom.  The  theory  of 
conjugated  acids  supposes  that,  in  the  bisulphate  of  ethyl,  only  the 
single  atom  of  hydrogen  is  basic,  and  that  all  the  other  constituents  of 
the  compound  become  conglomerated  into  an  acid  radical,  which  pro- 
duces the  conjugated  add : 

H  +  C"H»,SO»,SO*  =  Ethylo-sulphuric  acid. 

The  same  transformation,  performed  on  the  inorganic  bisulphate,  would 
produce  a  similar  conjugated  acid : 

2  D 
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H  +  K,SO",SO«  «  Potassio-snlphuric  add. 

And  this  conjugated  add,  like  the  former,  actually  produces  a  whole 
series  of  salts,  such  as 

Mg  +  KjSO'jSO'    .    Potassio^ulphate  of  magnesia, 

G  +  K,SO",SO"     .     Potassio-sulphate  of  glucina. 
(?H*  +  KjSO^.SO*    .    Potassio-sulphate  of  ethyl 

The  potassio-sulphnric  add  is  moreover  completely  justified  by  M.  Ger- 
hardts  law  for  determining  the  basicity  of  conjugated  adds.  That 
law  says,  that  if  you  add  together  the  biasidty  of  aU  the  elements  of  a 
conjugated  add,  and  deduct  i  from  the  sum,  the  residue  is  the  basidty 
of  the  conjugated  add.  Now  if  we  add,  as  he  instructs  us,  2  itx  the 
two  atoms  of  sulphuric  add  to  o  for  the  potassium,  and  deduct  i,  we 
have  a  residue  of  i,  which  is,  true  enough,  the  basidty  of  the  bisulphate 
of  potash.  You  can,  to  be  siue,  by  looking  at  the  formula  of  bisulpfaate 
of  potash,  and  observing  that  it  contains  just  i  atom  of  basic  hydrogen, 
come  to  the  same  conclusion  without  a  law  and  without  a  re^ckoning, 
but  that  is  too  empirical  a  mode  of  procedure  to  please  organic  chemists, 
whose  awful  gravity  is  best  pleased  with  obscure  laws  and  profboiKl 
complexity. 

I  have  elsewhere  stated,  but  I  may  repeat  the  statement  here  as 
apropos  to  the  occasion,  that  Gerhardt's  law  for  determining  the  basidty 
of  a  conjugated  acid  is  erroneous.  If  the  saturating  capacity  of  @ch 
add  radical  of  the  compound  be  reckoned  as  unify ^  or  i,  it  is  absurd  to 
reckon  the  saturating  capadty  of  the  basic  radical  which  is  presumed  to 
be  acting  as  part  of  the  acid  radical  as  nuR^  or  O.  It  ought  to  be  reck- 
oned as  a  minus  quantity,  viz.,  — i.  It  is  this  blunder  which  makes 
Gerhardt  declare  that  the  basidty  of  a  conjugated  add  is  always  less  by 
unity  than  the  collective  basidty  of  its  constituents.  But  the  saturatii^ 
capadty  of  a  radical  can  neither  be  lost  nor  lessened.  The  quantity  1 
cannot  become  o,  except  by  neutralisation  with  the  quantity  — i. 

Chemists  of  the  old  school  will  perhaps  say,  that  it  is  absurd  to  convert 
bisulphate  of  potash  into  an  add,  and  to  mske  potassium  form  part  of  a 
compound  add  radical,  and  I  grant  that  it  is  absurd ;  but  I  am  showing 
that  the  acknowledged  laws  for  constructing  conjugated  acids  and  for 
determining  their  basicity,  require  no  straining  to  make  them  warrant 
that  procedure.  If,  therefore,  chemists  of  the  old  school  forbid  the  con- 
struction of 

C^*;  K,S«0*  =  the  Potassio^phate  of  ethyl, 
let  them  also  forbid  the  construction  of 

K;  C»H*,S»0*  =  the  Ethylo^phate  of  potash, 
for  the  latter  is  quite  as  extravagant  as  the  former,  and  there  is  no  more 
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reasonable  excuse  for  making  a  compound  acid  radical  with  ethyl  than 
for  making  one  with  potassium. 

These  conjugated  acids  and  their  salts  are  elaborately  described  in  the 
chemical  systems  of  Gmeiin  and  Gerhardt,  yet  the  latter,  in  the  conclud- 
ing part  of  his  work,  has  declared  that  the  sulphovinic  acid  is  a  bibasic 
sulphate,  and  that  adds  of  that  class  are  not  to  be  considered  as  "  con- 
jugated." But  the  age  of  knight-errantry  has  not  entirely  passed  away, 
and  when  one  doughty  champion  abandons  his  lady-love,  another 
appears  ready  to  rescue  her  &om  destruction.  So,  just  as  Gerhardt 
retires  from  the  lists.  Dr.  Guthrie  stands  forward  as  the  champion 
of  the  conjugated  acids,  and  publishes  a  Paper  to  prove  that  the 
prevalent  views  respecting  them  are  correct.  As  I  entirely  dissent 
from  his  conclusions,  I  shall  quote  and  examine  his  experiments  and 
arguments.^ 

^'With  respect  to  the  rational  constitution  of  the  sulphovinates, 
chemists  are  at  present  so  far  agreed  as  to  admit  in  them  the  presence  of 
sulphuric  acid.  An  objection  was  formerly  raised  to  this  view,  on  the 
ground  that  the  sulphuric  acid  could  not  be  shown  to  exist,  as  such,  by 
means  of  the  usual  reagents ;  and  it  was  assumed  that  the  salts  in  ques- 
tion contained  hyposulphuric  acid.  This  position  has,  however,  been 
overthrown,  partly  by  the  discovery  of  isethionic  acid,  partly  by  the 
observed  behaviour  of  other  compounds  of  ethyl,  such  as  the  chloride  and 
sulphide  of  ethyl,  in  which  the  chlorine  and  sulphur  are  much  more 
difficult  to  recognise  by  means  of  nitrate  of  silver,  than  is  the  case  with 
the  soluble  inorganic  compounds  of  these  bodies. 

**A  question,  however,  which  still  has  to  be  answered,  is — 'In 
what  manner  do  the  sulphovinates  contain  the  sulphuric  acid  ?' 

*'  Those  chemists  who  look  upon  sulphuric  acid  as  a  bibasic  acid,  and 
express  the  composition  of  its  hydrate  by  the  formula  2H0,S*0',  view, 
for  the  most  part,  the  salts  of  sulphovinic  acid  as  basic  sulphates,  one  of 
whose  atoms  of  base  is  potash,  and  the  other  oxide  of  ethyl.  They 
accordingly  class  sulphovinate  of  potash  with  the  so-called  double  salts 
of  sulphuric  acid,  such  as  the  potassio-sulphate  of  zinc. 

KOi'^'^'  ^^^P^^  of  potash  and  zinc. 
^^ls"0»,  Sulphate  of  potash  and  ethyl 

*'  Now,  in  the  first  place  this  view  is  contradicted  by  the  fact  that 
the  oxyde  of  ethyl  in  the  second  of  these  salts  cannot  be  driven  out  by 

^  On  the  Sulphovinates,  and  on  Amylophosphoric  Acid  and  the 
Amylophosphates.  By  F.  Guthrie,  B.A,  Ph.  D.,  Qucarterly  Journal  of 
the  Chemical  Society  (1856),  IX.  131. 
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a  more  powerful  base,  as  is  the  case  with  its  analogue,  the  oxide  of  zinc, 
in  the  inorganic  sulphate.  Even  on  continued  boiling  with  potash,  the 
ether  is  not  given  off  as  alcohol.  The  difficulty  of  maintaining  ^lis 
view,  again,  is  materially  increased  when  we  reflect  that  in  the 

Neutral  sulphate  of  ether,  p4TjaQ  f  •  S"0*, 

the  one  atom  of  ether  may  be  eliminated  or  exchanged  for  water,  or  a 
base,  much  more  easily  than  the  other ;  and  that  the  so-called  neutral 
ethers,  such  as  acetic,  nitric,  or  oxalic  ether,  on  being  boiled  with 
caustic  potash,  are  transformed  under  formation  of  alcohol,  into  the 
potash  salts  of  the  corresponding  acids.  ^ 

"These  considerations  render  it  more  than  doubtful  whether  the 
metallic  oxide  and  the  oxide  of  ethyl  be  equally  basic  in  function.  It 
seemed  desirable,  that  new  facts  should  be  gained  for  the  ducidatioD  of 
this  point.  I  imagined  that  such  facts  might  be  furnished  by  the 
behaviour  of  an  aqueous  solution  of  the  sulphovinate  towards  the  gal- 
vanic current.  For  if,  in  the  sulphovinate  of  potash,  both  the  pota^ 
and  ether  be  united  as  base  with  the  sulphuric  acid,  we  should  be 
justified  in  expecting,  on  electrolysing  a  concentrated  aqueous  solution 
of  this  salt,  that,  at  the  -|-  pole,  sulphuric  acid  and  oxygen  would  be 
liberated,  and,  at  the  —  pole,  potassium  (potash  and  hydrogen), 
together  with  ethyl  (or  ether  or  some  ethyl  compound,  possibly 
hydride  of  ethyl). 

"  Into  a  cold,  concentrated,  aqueous  solution  of  sulphovinate  of 
potash,  free  from  sulphate  of  potash,  I  accordingly  introduced  two 
platinum  electrodes,  in  such  manner  that  they  were  separated  by  a 
porous  clay  cell.  The  electric  current  from  four  Bunsen's  carbo-zinc 
elements  was  sufficient  to  effect  a  lively  disengagement  of  gas  at  both 
poles,  accompanied  by  an  evolution  of  heat  which  rendered  cooling 
firom  the  exterior  necessary.  In  a  short  time  the  liquid  surrounding 
the  4*  pole  showed  a  strong  acid  reaction.  The  gas  which  was  here 
liberated  smelt  distinctly  of  aldehyde,  and  consisted  of  oxygen  and  car- 
bonic acid.  The  liquid  at  this  pole  gave,  with  chloride  of  barium,  a 
white  precipitate  which  was  insoluble  in  hydrocloric  acid.  Sulphuric 
acid  was  therefore  present  in  the  free  state.  At  the  same  time,  the 
liquid  at  the  —  pole  assumed  an  alkaline  reaction,  and  the  gas  tbere 

'  These  arguments  proceed  on  the  unwarranted  assumption,  that  the 
properties  of  organic  sulphates  ought  to  be  the  same  as  the  properties 
of  the  inorganic  sulphates.  We  might  as  reasonably  ai^e,  that  the 
inorganic  sulphates  ought  all  to  have  uniform  properties,  and  tiiat 
sulphate  of  magnesia  cannot  be  a  sulphate  because  it  is  not  insoiuble, 
like  sulphate  of  barytes. — J.  J.  G. 
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liberated  proved  to  be  pure  hydrogen.  I  satisfied  myself,  by  carefhl 
examination,  of  the  entire  absence  of  all  carboniferous  gases,  nor  could 
I  detect  at  this  pole  the  slightest  traces  of  ether  or  alcohol. 

'*  It  was  imagined  that  the  sulphuric  acid  and  the  aldehyde,  which 
appeared  at  the  -{-  pole,  might  be  secondary  products  of  decomposition, 
effected  by  the  oxygen,  in  statu  nascenti.  To  get  rid  of  this  secondary 
decomposition,  I  formed  the  +  pole  of  amalgamated  zinc.  On  com- 
pleting the  circuit,  a  lively  disengagement  of  gas  took  place  at  the 
—  pole,  as  before,  while,  on  the  other  hand,  at  the  +  pole,  no  gas  at 
all  was  liberated,  and  neither  aldehyde  nor  sulphuric  acid  were  formed. 
The  zinc  electrode,  however,  soon  became  covered  with  a  pellicle  of  sul- 
phovinate  of  zinc,  which,  afler  a  time,  broke  the  electric  current  Again, 
a  fresh  solution  being  taken,  the  liquid  at  the  +  pole  was  made  strongly 
alkaline  with  carbonate  of  potash.  On  the  introduction  of  platinum 
electrodes,  carbonic  acid  was  plentifully  liberated  at  the  +  pole,  but  as 
no  sulphate  of  potash  could  be  detected,  it  followed  that  this  was  due  to 
the  liberation  not  of  sulphuric,  but  of  sulphovinic  add. 

**  In  the  same  manner,  making  use  of  platinum  electrodes,  I  electro- 
lysed an  aqueous  solution  of  amylosulphate  of  potash,  and  recognised 
precisely  analogous  phenomena.  At  the  +  pole,  oxygen  was  liberated, 
and  a  distinct  smell  of  valerianic  acid  noticeable.  The  solution  around 
this  pole  became  acid,  and  contained  sulphuric  acid.  At  the  —  pole  the 
liquid  became  distinctly  alkaline,  and  the  gas  there  liberated  was,  as 
before,  pure  hydrogen.  The  slightest  traces  of  fusel  oil  or  amylic  ether 
would  at  once  have  been  recognised,  by  their  powerful  odour,  had  they 
been  separated.     The  liquid  at  the  —  pole  remained  inodorous. 

**  From  these  experiments  I  believe  the  conclusion  may  legitimately 

be  drawn,  that  in  amylosulphate  and  sulphovinate  of  potash,  the  oxides 

of  ethyl  and  amyl  have  not  the  same  function  as  the  potash,  but  they 

are  combined  with  the  sulphuric  acid  in  a  different,  and,  as  it  appears,  a 

more  intimate  manner.     The  fact  that,  on  electrolysis,  these  organic 

oxides  remain  with  the  sulphuric  acid,  and  accompany  it  to  the  -f-  pole, 

shows  that  the  potash  alone  is  the  electro-positive  constituent  of  these 

KO  1 
salts,  and  that  the  formula  c«wr)i  ^'^  expresses  a  hypothesis  on  the 

oonstitntion  of  sulphovinate  of  potash  which  rests  upon  false  assump* 
tion. 

**  It  seemed  to  me  of  importance  to  examine  in  a  similar  manner  the 
ethylophosphates,  and  to  see  whether  in  these  the  organic  oxide  is 
liberated  at  the  -f-  pole,  as  in  the  sulphovinates,  or  whether  it  goes  to 
the  -^  pole.  For  this  purpose,  the  amylophosphate  of  potash  was 
chosen,  because,  if  the  oxide  or  hydrated  oxide  of  arayl  were  liberated, 
together  with  the  metallic  oxide,  at  the  —  pole,  it  would  be  at  once  re- 
cognised by  the  mere  odour.  On  introducing  the  platinum  electrodes 
into  a  concentrated  aqueous  solution  of  amylophosphate  of  potash,  sepa- 


j 
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rated  into  two  portions  by  a  clay  ceU,  hydrogen  was  liberated  at  the 
—  pole,  and  oxygen,  together  with  carbonic  add  at  the  +  pole.  The 
solution  at  the  latter  pole  assumed  an  acid  reaction,  and  smelt  distinctJy 
of  valerianic  or  butyric  acids  (evidoitly  secondary  products  of  decom- 
position), the  liquid  at  the  —  pole  became  alkaline  but  ranamed 
odourless. 

**  From  this  it  would  appear  that  in  the  amylophosphates,  and,  gene- 
rally, in  the  ethylophosphates,  we  are  not  at  liberty  to  assume  that  the 
organic  oxides  are  combined  in  the  same  manner  as  the  metallic  oxides; 
that  is,  as  base.  Accordingly,  we  must  not  understand  ^e  ordinaiy  ^- 
mulse  for  ethylo-  and  amylophosphate  of  potash 


2KO  \  p^  ^.    aKO  1  p^ 
C*H*0 ) '       '        C"H"0 1  •       ' 


as  if  the  organic  oxides  played  the  same  part  in  them  as  does  the  basic 

water  in  the  ordinary  tribasic  phosphate  of  potash  xrrv  [  •  PO*,  but  we 

must  rather  assume  that  the  phosphoric  add,  together  with  the  oxide  of 
amyl,  forms  a  bibasic  amylophosphoric  acid." 


With  submission  to  Dr.  Guthrie,  I  hold  that  the  results  of  his  experi- 
ments are  entirely  at  variance  with  tlie  conclusions  which  he  is  pleased 
to  draw  from  themu  He  considers  that  "  on  electrolysis,  the  orgcadc 
oxides  remain  with  the  stdphuric  acid,  and  accompany  it  to  tJie  -^  pde, 
showing  that  the  potash  alone  is  the  electro-positive  constituent  of  the 
salts."  But  his  experiments  prove,  that  when  ethyl  is  operated  upon, 
instead  of  going  with  the  sulphuric  acid  to  the  4-  pole,  it  suffers  decom- 
position into  hydrogen,  which  goes  to  the  —  pole,  and  the  add  radical 
acetyl,  which  goes  in  the  form  of  aldehyd  to  the  +  pole : 

Ethyl  =  C"H*  -  ff  =  C»H»  Acetyl. 

So  also  the  experiments  prove  that  when  amyl  is  operated  upon,  it  does 
not  go  with  the  sulphuric  acid  to  the  +  pole,  but  is  decomposed  into 
hydrogen,  which  goes  to  the  -*  pole,  and  the  add  radical  vdUryl^  which 
goes  to  the  -f*  pole  in  the  form  of  valerianic  add : 

Amyl  =  C?H»  -  H*  =  C»H»  Valeryl. 

The  result  is  the  same  in  the  presence  both  of  sulphuric  acid  and  phos- 
phoric add.  Neither  of  these  acids  prevents  the  reduction  of  ethyl  to 
acetyl,  nor  of  amyl  to  valeryl,  and  Dr.  Guthrie's  assumptions  tliat  ethyl 
and  amyl  go  to  the  +  pole  in  combination  with  the  strong  adds,  be- 
cause he  finds  then  acetyl  and  valeryl  are  consequently  unwarranted,  and 
at  variance  with  his  experiments.    I  have  already  drawn  attention  to  the 
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goieral  &ct,  that  compound  radicals  which  contain  one  atom  of  hydrogen 
above  the  proportion  contained  in  any  multiple  of  the  neuter  radical 
vinyl  (see  page  76)  are  in  most  cases  basic  or  positive  radicals,  but  con- 
vertible into  acid  or  negative  radicals  by  the  abstraction  of  tvoo  atoms  of 
hydrogen.  Dr.  Guthrie's  experiments  confirm  this  general  &ct;  they 
prove  that  ethyl  is  reducible  to  acetyl,  and  amyl  to  valeryl,  that  the 
abstracted  hydrogen  goes  to  the  —  pole,  and  that  the  two  acid  radicals, 
go,  as  they  ought  to  go,  to  the  +  pole,  with  the  sulphuric  and  phos- 
phoric acids ;  but  this  is  the  very  opposite  from  proving  that  ethyl  and 
amyl  are  add  radicals,  that  they  act  as  such  in  the  sulphovinates  and 
the  amylophosphates,  and  that,  when  these  salts  are  electrolysed,  the 
radicals  in  question  accompany  the  mineral  adds  to  the  +  pole  ;  and, 
therefore,  I  say  that  Dr.  Guthrie's  arguments  are  at  variance  with  his 
experiments. 

The  electrolysis  of  the  organic  radicals,  if  we  may  judge  from  the 
experiments  quoted  at  page  76,  and  £rom  these  new  experiments  made 
by  Dr.  Guthrie,  appears  to  be  subject  to  the  following  general  con- 
ditions : 

i).  When  negative  radicals  in  the  state  of  salts  of  potash  are 
operated  upon,  the  negative  radicals  lose  carbon  and  become  positive 
radicals.  Thus  valeryl  becomes  butyl,  acetyl  becomes  methyl,  caproyl 
becomes  amyl,  and  oinanthyl  becomes  hexyl. 

2).  When  positive  radiods  in  the  state  of  sulphates,  phosphates,  &c., 
are  operated  upon,  they  lose  hydrogen  and  become  negative  radicals. 
Thus,  ethyl  becomes  acetyl,  and  amyl  becomes  valeryl. 

Dr.  Guthrie's  experiments  have  served  to  enlarge  our  knowledge  of 
these  particulars,  and  to  strengthen  the  argument  respecting  the  consti 
tation  of  the  conjugated  sulphates ;  only  he  misunderstood  his  results, 
and  drew  his  conclusions  in  &vour  of  the  wrong  sic]^  of  the  argument 

The  result  of  this  investigation  is  to  confirm  the  opinion  with  which  I 
set  out,  and  with  which  I  trust  the  reader  will  now  agree,  namely,  that 
all  the  sulphates  which  contain  positive  radicals  of  tibe  vinyl  series,  in 
company  with  metallic  radicals,  are  merely  double  salts.  I  find  nowhere 
either  experiments  more  decisive,  or  arguments  more  cogent,  in  support 
of  the  doctrine  of  conjugated  adds  (as  distinct  fix>m  double  salts)  than 
the  arguments  and  experiments  of  Dr.  Guthrie. 

And  this  condusion  applies,  not  merely  to  the  sulphates,  but  to  the 
phosphates,  sulphites,  hyposulphates,  carbonates,  oxalates,  and  all 
sunilar  "  conjugated  "  salts.  The  whole  of  these  I  take  to  be  double 
salts,  in  which  simple  salts  of  inorganic  positive  radicals  are  combined 
with  simple  salts  of  organic  positive  radicals ;  and  I  would  recommend 
the  dismissal  from  chemical  science  of  the  entire  seiies  of  denominations 
of  conjugated  adds  to  which  misunderstood  experiments  and  &lladous 
arguments  have  given  origin. 
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Professor  Kolbe's  Copulated  Oxalates. 

Professor  Kolbe  has  advocated  the  doctrine,  that  the  add  radicals  of 
the  vinyl  series — see  page  79 — are  all  compounds  of  basic  radicals  with 
carbon,  and,  consequently,  that  all  their  salts  are  oxalates  oopvlated  mih 
basic  radicals^  according  to  the  foUowmg  examples : — 

HO.(CTP)^C»,0«  =  Acetic  acid. 

KO.(C*H»)'-^C«,0»  =  Acetate  of  potash. 

(C*H*)0.(C«H')^C«,0«  =  Acetate  of  ethyl 

HO.      H    ^(yfiF  =  Formic  acid. 

HO.(C»H»)'^C«,0»  =  Valeric  acid. 

In  these  formulae  C  =  6,  O  =  8,  H  =  i. 

This  theory  is  advocated  at  great  length  in  the  Qtuirterfy  Jowmd  of 
ihs  Chemical  Sodetyy  vols.  iii.  and  iv. 

According  to  this  doctrine,  we  are  to  believe  that  every  neutral  salt 
of  an  organic  acid  is  an  oxalate  possessing  a  sort  of  appendage  or  tail, 
which  is  copulated  with  it  without  affecting  its  neutrality,  although  in 
every  instance  the  tail  is  a  complete  basic  radical.  Thus,  a  formiate  is 
an  oxalate  with  a  tail  of  hydrogen ;  an  acetate  is  an  oxalate  with  a  tail 
of  methyl ;  a  valerianate  is  an  oxalate  with  a  tail  of  but}'] ;  and  so  on 
through  the  entire  vinyl  series  of  acid  radicals.  The  proof  of  the  correct- 
ness of  this  doctrine  consists  of  the  single  fact,  that  these  acids  can  be 
decomposed,  electrically  and  otherwise,  into  carbon  and  their  corre- 
sponding basic  radicals.  I  admit  the  fiwt  See  pages  75  and  76.  But 
I  consider  the  doctrltie  thus  based  upon  the  fact  to  be  absurd,  and  in 
order  to  prove  its  absurdity,  I  will  carry  it  to  its  legitimate  con- 
sequences. 

For  the  sake  of  the  argument,  I  admit  that  the  add  radicals  of  the 
vinvl  series  are  each  reducible  into  an  atom  of  carbon  and  an  atom  of  a 
basic  radical.  I  have  discussed  this  matter  fully  between  pages  73  and 
8 1 .  Thus,  an  acetate  can  produce  methyl  and  a  valerianate  can  produce 
butyl.  "  Right  1"  says  Kolbe,  "  and  therefore  the  acetates  contain 
methyl,  and  the  valerianates  contain  butyl." 

Just,  however,  as  every  add  radical  of  the  vinyl  series  can  be  made 
to  produce  a  basic  radical  by  abstraction  of  C*,  so  can  every  basic 
radical  of  that  series  be  made  to  produce  an  acid  radical  by  abstraction 
of  H* ;  and  if  we  are  to  consider  that  every  acid  radical  contains  a  basic 
mdical,  we  may  with  equal  reason  assume  that  every  basic  radical  con- 
tains an  acid  radical,  and  when  we  depict  the  acetate  of  potash  as  con- 
taining an  oxalate  copulated  with  methyl,  we  may  depict  the  sulphate  of 
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ethjl,  as  coDtaining  hydrated  sulphuric  add  copulated  with  hydride  of 
acetyl.     Stated  in  my  notation,  these  changes  would  be  as  follow : 

K,CEro"  =  K,CO»  +     CIP 

Acetate  of  potash     =  Oxalate  of  potash     4-  Methyl. 

(7H»,S0"  =         H,SO«  +  H,(7H» 

Sulphate  of  ethyl     =   Sulphuric  add     -f  Hydride  of  acetyl. 

The  result  is,  that  as,  in  all  salts  formed  by  an  acid  radical,  we  have^ 
according  to  Kolbe,  not  the  nominal  add  radical,  but  practically  the  cor- 
responding basic  radical,  so  in  all  salts  formed  by  a  basic  radical,  we 
mast  have,  not  the  nominal  basic  radical,  but  its  corresponding  add 
radical.  Everything  falls  out  according  to  the  rule  of  contrary :  our  adds 
contain  bases,  and  our  bases  contain  acids.  In  salts  of  acetyl  we  have 
oniy  methyl.  In  salts  of  ethyl,  we  have  only  acetyl.  And  this  prin- 
ciple of  r^ularity  extends  through  the  whole  series  of  radicals  which  are 
described  in  the  Table  on  pages  79  and  80.  The  full  force  of  the  prin- 
ciple is  felt,  if  we  ask  ourselves  the  question,  What  is  the  actual  consti- 
tution of  any  given  acid  in  that  list  ?  Take,  for  example,  the  valerianic 
acid,  which  is  near  the  bottom  of  the  Table.  According  to  Kolbe,  this 
acid  contains  butyl,  not  valeryl.  If  we  admit  that  statement  to  be  true, 
then  we  go  on  as  follows — founding  our  condnsions  upon  ^ts  that  are 
equally  true — ^in  valeryl  is  butyl;  in  butyl  is  butjnryl;  in  butyryl  is 
propyl ;  in  propyl  is  propionyl ;  in  propionyl  is  ethyl ;  in  ethyl  is  acetyl ; 
in  acetyl  is  methyl ;  in  methyl  is  formyl ;  in  formyl  is  hydrogen.  All 
these  radicals  therefore  are  contained  in  the  radical  of  valerianic  acid, 
granting  only  the  truth  of  the  assumption,  that  a  radical  contains  what 
you  can  make  it  produce. 

It  is  certain,  that  from  the  acid  radicals  you  can  produce  the  basic 
radicals.  It  is  equally  certain,  that  firom  the  basic  radicals  you  can 
produce  the  acid  radices :  but  when  you  jump  from  these  fitcts  to  the 
inference,  that  these  add  radicals  and  basic  radicals  res{)ectively  contain 
the  corresponding  basic  radicals  and  add  radicals,  ready-formed ;  you  go 
astray.  What  a  thing  has  been,  or  what  a  thing  may  become,  is  not  the 
same  as  what  a  thing  is.  To  confuse  these  ideas,  or  to  use  them  indis- 
crixninately,  is  a  breach  of  scientific  exactness.  Experiment  is  our  guide 
in  sach  matters.  Experiment  shows  us  the  composition  of  acetyl.  It 
shows  us  how  to  convert  ethyl  into  acetyl,  and  acetyl  into  methyl. 
Experiment  shows  us  that  acetate  of  potash  contains  those  proportions 
of  carbon  and  hydrogen,  which  constitute  neither  ethyl  nor  methyl,  but 
aoetyL  Such  are  the  facts.  According  to  these  facts,  we  must  judge  of 
the  merit  of  Kolbe*s  theory,  that  acetate  of  potash  contains  not  acetyl,  but 
methyl,  a  theory  which  appears  to  me  to  be  a  denial  of  facts. 

The  doctrine  which  leads  chemists  astray  in  matters  of  this  sort  is 
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due  to  Gerhardt,  who  thus  ezpoonds  it  {iTttroduction  to  UmUay  Cb^ 
tnistry): — 

^'  In  the  dualistic  system  of  chemistry,  bodies  are  represented  such  ss 
thej  exist  (at  the  time  of  examination).  This  method  is  incompatihle 
with  the  unitary  system,  which  bases  its  definitions  upon  the  metamor- 
phoses of  bodies,  t^  e.,  upon  their  previous  state,  or  upon  their  fotare 
combinations.  In  this  respect  it  evidently  attains  the  special  aim  of 
chemistry,  viz.,  the  discovery  of  the  laws  which  govern  the  transfiirma- 
tions  of  matter." 

According  to  this  doctrine,  the  special  duty  of  chemists  is  to  take 
cognisance  of  things  which  once  did  existj  or  which  may  chance  to  exist 
hereafter,  but  to  n^lect  the  things  which  do  exist  at  the  time  of 
examination.  The  unitary  system  disdains  present  existences,  and  only 
values  the  historical  and  the  prophetical.  To  represent  bodies  as  they 
^ist  is  left  for  chemists  who  follow  the  despised  dualistic  system.  The 
special  aim  of  unitary  chemists  is  directed  above  and  beyond  the  depart- 
ment of  actual  existences.  It  deals  only  with  the  past  and  the  fiitare. 
Lighted  by  this  luminary,  we  perceive  that  acetyl  is  not  acetyl  but  once 
was  ethyl,  and  may  hereafter  become  methyl;  that  valeryl  is  not 
valeryl,  but  in  the  past  was  amyl,  and  in  the  future  may  be  butyl  The 
brightness  of  this  theoretical  light  renders  invisible  the  things  diat  are 
illuminated  only  by  the  dim  medium  of  common  sense.  But  that  is 
evidently  desirable.  Radicals  '^such  as  they  exist"  are  beneath  the 
notice,  and  incompatible  with  the  objects  which  unitary  chemists  spe- 
cially aim  at,  under  the  guidance  of  this  new  light 

By  a  parity  of  reasoning,  we  discover  in  conmion  life,  that  banknipts 
and  heirs-at-law  are  men  of  property ;  because  a  man's  fortune  consists, 
not  in  what  he  possesses,  but  in  what  in  past  times  he  has  squandeied 
away,  or  in  what  in  the  future  he  may  chance  to  inherit  '*  The  prqxr 
definition  of  a  thing,"  says  Gerhardt,  "  is  not  what  it  is,  but  what  it  hat 
5ten,  or  what  it  may  become"  A  man,  whose  fortune  is  a  matter  of 
history  or  a  matter  of  expectancy,  is,  therefore,  a  man  of  fortune. 

Professor  Kolbe's  copulated  ojoilates  are  the  heirs-at-law  of  the  add 
radicals.  When  the  acid  radicals  come  to  destruction — ^when  they  die 
the  death — their  substance  is  the  inheritance  of  the  copulated  oxalates. 
But  when  the  Professor  argues,  that  the  heirs-at-law  are  the  present  pos- 
sessors of  the  estate,  he  anticipates  the  &ct,  and  pronounces  a  judgzoent 
which  is  erroneous.  A  present  acid  must  be  hdd  to  contain  a  present 
radical. 


(  *n   ) 
The  MaJic  Groap  of  Salts. 

ila  commonly  assigned  to  Malic  acid  is : 
3HO,(7H'0'),  in  which  H  =  i,  C  =  6.  O  = 
HO  are  replaceable  by  two  otW  bases,  this  coi 
rbat  is  called  a  BiSASic  acid. 
to  consider  it,  not  aa  a  bibasic  salt,  bnt  as 
a  agreetnent  with  the  following  fonnola : 
■O*  +  H.CHO";  in  which  H  =.  i,  C  =  I3,  < 
,  contains  two  assumed  add  radicals  =  U*!!'  ai 
ivalent  in  its  proportioos  of  elementary  atoms 
aconyl,  fmuaryl,  maleyl,  and  perhaps  to  serei 
do  not  know  whether  the  radical  (rlF  of  the 
ng  as  the  radical  CH*  of  the  acetic  add,  ooi 
is  the  same  as  any  other  radical  of  the  same  i 
wish  to  give  in  this  place  no  o[nnioD  respeddni 
se  isomeric  radicals,  and  for  the  purposes  of  th 
lall  indicate  these  asttaned  radKoIt  by  tempc 

CH»  will  be  called  MyL 
C?H'  „  „  Dyl. 
lent  with  these  assnniptions,  crystallised  s 
-  ff,CHO«,  will  be  called  Hydm  myitis  own 
^ms  of  H'  are  both,  or  either,  replaceable  b; 
the  products  of  that  replacement,  combiDed 
ts  that  are  called  malateg.  The  mylit«s  ant 
ideigo  the  various  modificadoos  to  which  all  si 
out  suffering  separation  from  one  another.  As 
ined,  they  conatitate  the  molates.  When  the  ( 
e  products  of  the  decomposition  receive  other  i 
lylites  and  dyletes  continne  in  combination 
etimes  undergo  modifications  which  cause  tt 
re  other  names  than  malates,  as  will  be  seen  ii 
illowing  examples : — 

Salts  BELOHama  to  the  Hauc  Group. 

Oroup  A.     Maiic  Acid,  cryst 

rO"  +  HjCmC  .     .     Hydra  mylite  cum  hyi 
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Group  B.     Neutrai  McHates* 

2.  Ag,CBro*  +  AgjCHO*     .     Argenta   mylite  cum  aigenta 

dylete. 

3.  Ca,C*HH>»  +  Ca,C*HO»  .     •     Galea  mylite  cmn  calca  dylete. 

4.  Pb,CIPO»  4.  Pb,C*HO»      .     Plumba  mylite    cum  j^mnba 

dylete. 

5.  Zn,CTPO»  +  Zn,C^O".     .     Zinca  mylite  cum  rinca  dylefce. 

6.  ZH\CTPO»  +  ZH*,C*HO*  .     Ammona  mylite  cum  ammona 

dylete. 

Group  0.     Add  MaiaJtes. 

7.  Ca,(?IPO»  +  H,C»HO«  .     .     Galea  mylite  cum  hydra  dylete. 

8.  Zn,G'H«0»  +  H,G*HO»  .     .     Zinca  mylite  cmn  hydra  dylete. 

9.  ZH*,C«H"0»  +  H,C»HO*     .     Ammona    mylite   cum   hydra 

dylete. 

Chroup  D.     DotMe  and  Basic  Makttes. 

10.  ZH*,G*H'0' +  Zn,G'HO"    .     Ammona  mylite  cum  zinca  dy^ 

lete. 

11.  Pb,C»H"0»  +  Pb",G*HO»     .     Plumba  mylite  cum  plombine 

dylite. 

Group  E.     Awyl-Malates, 

12.  G*H",G«IPO»  +  H,CH(y    .     Amy  la  mylite  cum  hydra  dy- 

lete. 

1 3.  G»H",CTPO»  +  Ga,G*HO"  .     Amyla  mylite  cum  calca  dylete. 

14.  C»H",C*HW  +  ZH*,(?HO"     Amyla    mylite   cum  ammoDa 

dylete. 

Group  F.     Aspartic  Add. 

15.  ZH",CMiHD^  +  H,G'HO»      .     Amida  mylete  cum  hydra  dy- 

lete. 

Group  G.     Aspartates^  C3ass  a, 

16.  ZH\C«IPO«  +  K,GTB[0'      .    Amida  mylete  cum  potassa  dy- 

lete. 

17.  ZH«,C«IPO«  +  Ba,C*HO*    .     Amida  mylete  cum  baryta  dy- 

lete. 

18.  ZIP,G*H«0«  +  Ag,G^O"  ^ .     Amida    mylete    cum   argenta 

dylete. 


THE  HAI 

19.  ZH'.CWO'  +  Pb.CfH 
aa  ZEP.dPC  +  ZH'.CT 

ffnwpH, 
21.  ZHBe,(?HK)»  +  Ba,0 
23.  ZHPb,(?H'0»  +  Pb.C 
33.  ZHAg,(?IPO»  +  Ag,( 

(Trtmp  I. 

JZH»Pb,C?H'0'  +  Pb, 
**■  tZH  Pb.CWO'  +  Pb, 

Growp  K,     Asj. 

,  JZH',CH'0'  +  H,C?H 
*5-|  HSO'+      H£ 

,  1  ZH'.CWO' +  H,(?H 
36. 1  ^         £ 

37.  ZH*,(?irO»+ZH",CT 

38.  ZBP,(?ffO»  +  ZHK,( 
ag.  ZIT.CH^  +  ZHAg 
50.  ZiP.CH'O"  +  ZHCuc 

Group's. 

JZH',C?HHJ»  +  Z1P,C 

5'-t       AgNO'+      kg 

,  JZff.CH'O' +  ZH",C 

3^-1  H00'+        H 

33- j  ] 
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Grwp  0.    MaJis  Pi 
ZH.CfH';  Cnro«+H,(?HO»  P 

ZH,cm'i  CHKP+ZH'.CBO*  P 

ZH,CH';  CTPO'+Ag.CTIO'  P 

ZH,C^;  C'IW+2H,C?H*;  O 

Z.CH'.CTPiCHO'.    .     .    1 

(TraupP.    jUtit 
H,C^O» E 

Group  Q.  U 

K.CHO" P 

K.CfHO' +  H,<7H0»    .    .  P 

Ag.C'HO" A 

Ag,cmO*  +  H.CTIO'  .     .  A 

ZH'.CHO* A 

ZH*,CHO' +  H,(?HO* .     .  A 

Pb,CHO* P 

Cuc.CraO' 0 

ZIPCucC^O"  +  Aq.    .     .  C 

Qroup  R.    Fvmt 
H.CTao' B 

Grmip  S.    Fw 

K,(?HO* P 

K.CHO' +  H.(?HO*     .    .  P 

Ag.(?HO' A 

ZH*,C?HO' A 

ZH',(?HO'  +  H,C»HO* .     .  A 

Pb,(?HO* P 

Pb,crHO»  +  PKPbO     .    .  P 

(Pb,(?HO»>*  +  Pb.PbO     .  T 

(FecCfHO*)*  +  FecFecO  .     T 
C?H',CHO' E 


THE  MAUC  OROOP  OF  SAL 


Oroup  T.     Fwfwxria  Amid 

60.  CW.CmO' FuraaryU 

6i.  ZH'.CHO Amidaftu 

62.  ZH.CH;  CHO"  ....     Fumarylai 

63.  Z,CH',CIP;Z,C*H,C?HO'      Mylec  dyl 

64.  ZH',(?HO+ZlPHg.>;  CHO»  Amida  fii 

cem  fu 


Usual  Kaueb  and  Fosxvlm  of  t 

Croup  A.  Malic  add  in  cryOals : — 1 .  H,CH 
mylite  com  hydra  dylete. 

Thia  fonnula  representa,  aa  I  have  alreadv 
malic  add.  Usnal  formula:  CHK)"*  =  CH 
(?U'0',  MSkr.  These  formulx  represent  the  : 
add  radical  =  CH'.  For  an  account  of  the  E 
Acid,  see  the  suhKqnent  particolara  respecting 
the  Malic  group,  Nos.  i  and  a.  Its  production 
Reactions,  No.  6,  page  433. 

Group  B.  NeiUral  Malata.  General  formoli 
late  of  silver.  3,  M.  of  lime.  4,11.  of  lead.  1 
ammonia. 

Group  C.  Add  Malates.  General  formulfe :  C 
oflime.  8,  Bimalate  of  siiic.  9,  Bimalate  of  an 
of  bimalate  of  ammonia  by  heat.     See  ReacticHis 

Group  D.  Double  and  Batic  Malates.  10,  D( 
ommoiiiam.  1 1,  Basic  malate  of  lead.  In  this 
in  the  condition  of  a  Cerbastc  salt,  according  to  th 
Pb.CHO'  +  Pb,PbO  =  Pb'.CmO".  A  consi 
malutes  contain  water,  and  might  have  formt 
No.  1 1 .  Thus,  the  bimalate  of  ammonia  Na  9, 1 
might  have  the  fonnula  ZH*,CTPO'  +  H-.CHO 

Group  E.  Atm/l-Malates.  la,  Amyl-malic  ac 
(C"'H")0"*.  13,  Amji-malate  of  iime  =  C'"H" 
late  of  ammonia  =  C''H''(NH'p",     Gerhardt, 

Here  we  have  a  "  conjugated  acid"  and  its  1 
my  notation.  No.  13  is  a  bimalate,  precisely  ec 
Nog.  13  and  14  are  doable  salts  equivalent  to  N< 
similar  selta  could  be  prepared  with  other  radica 
thse  is  no  necessity  to  make  conjugated  adds  of 

Group  F.  No.  15.  Aspartk  aad,  or  Maktm 
compound  with  the  Bimakte  of  ammonia  No.  9, 
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No.  9    =  ZH*,C*IPO'  +  H,(?HO"  .  Ammona  mylite  cum  hjdia 

dylete. 
No.  1 5  =  ZIP.CflPCy  +  B^CmOF  .  Amida  mylete  com  hydra 

dylete. 
H"         O'  =  Difference. 

On  referring  to  page  22^,  it  will  be  seen,  that  the  difierenoe  betweoi 
binoxalate  of  ammonia  and  oxamic  acid  is  precisely  the  same  as  the  dif- 
ference between  bimalate  of  ammonia  and  aspartic  acid.  Aspartic  acid, 
like  oxamic  acid,  produces  a  series  of  salts,  and  it  Is,  like  oxamic  add,  a 
double  salt,  with  the  single  difference,  that  its  two  acid  radicals  are  not 
alike.  Prcxluction  of  aspartic  acid  from  the  hydrochlorate,  see  Reactions, 
No.  5,  page  422.  Its  conversion  into  malic  acid,  see  Reactions,  No.  6. 
Its  production  from  asparagine ;  Reactions,  Nos.  7  and  8. 

Chemists  are  not  agreed  as  to  the  basicity  of  aspartic  acid ;  bat  the 
investigators  have  pointed  out  three  varieties  of  salts,  answering  to  the 
formulffi  C'NH'MO'  (  =  dass  a),  C*NH*M«0*  (  =  class  6),  and  MO, 
CNH'MO^  (  ss  class  c),  of  each  of  which  I  have  quoted  some  exampleB, 
Nos.  16  to  24.     See  GmeUn  {Handbook  of  Chemstry^  1856,  x.  234). 

Group  G.  Nos.  16  to  20.  The  salts  of  this  group  are  evidently 
noonobasic  aspartates,  formed  in  exact  accordance  with  the  oxamatea ;  see 
page  226,  but  differing  in  the  quantity  of  oxygen,  and  in  having  two 
dissimilar,  instead  of  two  similar,  acid  radicals.  Production  of  aspartite 
of  ammonia.  No.  20,  from  asparagine,  Na  27.  See  Reactions,  Na  9, 
page  422. 

Group  H.  Nos.  21  to  23.  These  salts,  of  which  many  more  might 
be  cited,  containing  the  radicals  Ca,  Cue,  &c.,  difler  from  thoae  of 
group  G,  by  containing  metallic  vice-amids  instead  of  normal  amid ;  but 
they  'are  alike  in  all  other  respects.  As  chemists  are  not  accustomed  to 
admit  the  existence  of  these  metallic  vice-amids,  this  little  group  of  sails 
has  puzzled  them  greatly.  Gmelin  says,  ''As  it  is  improbable  that  an 
amidogen  acid  should  be  bibasic,  and  as  Liebig  has  not  giv^  the  mode 
of  preparation  of  the  salt  which  he  analysed,  Laurent  doubts  its  purity.'* 
To  which  Mr.  Watts  adds,  *'  Liebig's  result  is,  however,  confirmed  by 
those  of  Dessaignes,  Pasteur,  and  Wolff."  The  analyses  are  no  doubt 
correct,  and  they  confirm  the  accuracy  of  the  theory  that  I  have  advanced 
respecting  the  nature  of  these  metallic  vice-radicals. 

Group  I.  No.  24.  Aspartates^  class  c.  Several  similar  salts  occur,  in 
which  Pb  is  replaced  by  the  radicals  Ba,  Ca,  Ag,  and  Hgc  This  salt 
is  evidently  intermediate  between  the  maktes  and  the  aspartates ;  that  is 
to  say,  it  is  a  combination  of  a  malate  with  an  aspartate,  atom  to  atcm. 
The  upper  half  of  the  formula  No.  24  is  equivalent  to  the  bimalate  of 
ammonia  No.  9,  supposing  ammonia  ^H^  to  be  replaced  by  plumbam 
ZlPPb,  and  H  to  h«  repli^ed  by  Pb,  and  the  lower  half  of  the  formula 
is  the  same  as  that  of  the  aspartate  No.  22. 
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Grovp  K,  Nos.  2  5  and  26  are  examples  of  salts  produced  by  the  com- 
bination of  aspartic  acid  with  mineral  acids.  No.  25  contains  one  atom 
of  aspartic  acid  and  two  atoms  of  hydrated  sulphuric  acid.  No.  26  con- 
tains aspartic  acid  and  hydrochloric  acid,  atom  to  atom.  See  Reactions, 
Nos.  4  and  5,  page  422. 

Group  L.  No.  27.  Asparaginey  or  Mcdamide,  Gerhardt's  Diazoture  of 
moLyle  and  of  hydrogen.  Formulffi:  CWBSf  =  C*Ad*H*0*,0", 
Gmelin, 

Compare  formula  27  with  formula  6,  which  represents  the  neutral 
sQalate  of  ammonia,  from  which  the  double  amid  is  derived.  The  dif- 
ference is  equal  to  two  atoms  of  HHO.     Thus : 

Na  6.  ZH*,(?H^  -f.  ZH*,C»HO"   Ammona  mylite  cum    ammona 

dylete. 
No.  27.  ZIP,C*H«0«  +  ZIP,C«HO    Amida  mylete  cum  amida  dylate. 

H«        0»  +    H"       O"   =   DiffTerence. 

Agdn,  compare  this  difference  with  the  difference  found  to  exist 
between  No.  15  and  No.  9.  From  these  comparisons  it  appears  that 
No.  9,  the  bimalate  of  ammonia,  by  losing  one  equivalent  of  water,  is 
converted  into  aspartic  acid,  and  that  No.  6,  the  neutral  malate  of 
ammonia,  on  losing  two  equivalents  of  water,  is  converted  into  aspara- 
gine.  The  same  comparison  shows  that  aspartic  acid  is  a  regulai* 
amidogen  acid,  and  that  asparagine  is  a  double  amid.  Gerhardt  wishes 
ns  to  consider  asparagine  as  an  ammonia,  and  he  represents  it  by  tlie 
:foIlowing  formula : 

rC*H*0' 
N*      H« 
(    IP 

I  have  already  so  fully  expressed  the  reasons  why  I  disapprove  of  the 
proposal  to  formulate  oxidised  compounds  as  ^'  ammonias,"  that  I  need 
not  take  special  notice  of  this  formula. — Conversion  of  asparagine  into 
aspartic  acid;  see  reactions,  Nos.  7  and  8,  page  422.  Conversion  into 
aspartate  of  ammonia.  No.  20;  reactions.  No.  9. 

The  relations  which  the  two  ammoniacal  salts,  No.  6  and  No.  9,  bear 
to  the  amidogen  acid  No.  1 5  and  the  double  amid  No.  27,  are,  according 
to  the  general  £icts  which  I  have  developed  in  the  section  on  the  azotic 
radicals,  such  as  to  show  that  malic  acid  acts  under  all  circumstances, 
as  it  necessarily  must  act  if  it  contains  two  acid  radicak,  instead  of  only 
one.  This  being  the  case,  it  is  but  feir  to  assume,  that,  where  we  have 
the  properties  and  powers  of  two  radicals,  these  two  radicals  are  present 
in  substance. 

Group  M.  CovMnations  of  Asparagine  with  hoses.  Nos.  28  to  30. 

2  E 
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Besides  these  three  salts,  other  salts  of  similar  structure  are  formed  bj 
the  basic  radicals  Ca,  Cd,  Pb,  Hgc,  Zn,  &c. 

On  comparing  the  formulse  of  these  salts  with  the  formula  of  aspara- 
gine,  No.  27,  we  perceive  that  the  amount  of  the  difference  between 
them  is,  that  one  of  the  amids  in  No.  27  is  replaced  in  the  salts  by  a 
metallic  amidac.  Usual  names :  28,  Asparaglne  with  potash.  29,  As- 
paragine  With  silver  oxide.  30,  Asparagine  with  cupric  oxide,  GmelnL 
Potassic,  argentic,  and  cupric  asparagine,  Gerhardt,  The  latter  says  that 
ammonic  asparagine  appears  to  be  unattainable ;  for  if  asparagine  is  dis- 
solved in  aqueous  ammonia,  and  submitted  to  spontaneous  evaporatioo, 
the  ammonia  flies  off,  and  the  solution  yields  crystals  of  pure  aspar^ise. 
He  offers  no  explanation  of  this  difficulty.  I  suggest  that  it  is  due  to 
the  fact  that  ammonium  =  ZK*  can  never  replace  hydrogen  in  a  vioe- 
ammon  or  vice-am  id — that  one  ammonium  or  amidogen  cannot  involve 
another.  Hence  the  salt  No.  27  can  produce  such  salts  as  Nos.  28  to 
30,  but  the  metals  K,  Ag,  and  Cue,  tiiough  replaceable  by  many  otber 
metals,  cannot  be  replaced  by  the  radical  ZH.\  Neither  can  ZIP  in 
No.  27  be  replaced  by  ZH*,  unless  at  the  same  time  O'  becomes  0^; 
but  in  that  case,  the  ammonic  asparagine  would  become  aspartate  of 
ammonia  No.  20 ;  or,  if  both  atoms  of  ZH*  were  replaced  by  ZH*,  with 
O'  additional  for  each  radical,  then  the  salt  No.  27  would  be  converted 
into  neutral  malate  of  ammonia  No.  6.  Consequently,  the  production  of 
ammonic  asparagine  is  impossible. 

Group  N.  Combmttions  of  Asparagine  vxth  hydraJted  acids  and  wA 
salts  of  mineral  acids.  Nos.  31  to  33. — No.  31  is  a  combination  of  one 
atom  of  asparagine  with  two  atoms  of  nitrate  of  silver.  No.  32  contains 
one  atom  of  asparagine  with  two  atoms  of  oxalic  acid ;  No.  33  is  a  com- 
bination of  one  atom  of  asparagine  with  one  atom  of  hydrochloric  add. 

Group  O.  MdUc  phenyl  amdes,  or  AnUides  of  mab'c  add,  Nos.  34  to 
38.  These  salts  have  been  described  by  Arppe  {Ann.  der  Chem,  \l 
Phar.y  1855,  xcvi.  106).  I  quote  from  Gerhardt  {Traitede  CMmie  Or- 
ganique,  tome  iv.,  915). 

34.  ZH,CTI»;  CHK)*  +  H,C«HO*.  This  compound  is  called  Phe- 
nyl-malamic  acid,  or  malanilic  acid,  and  the  formula  given  to  it  is 
C»H»NO»  =:  C»H«(C«H*)NO».  Compare  it  with  aspartic  acid.  No.  15. 
The  only  difference  between  them  is  the  replacement  of  normal  amid  bf 
phenylac;  thus: 

No.  1 5  =  ZH«         ;  C«H»0*  +  H,C'HO». 
No.  34  =  ZH,C»H»;  C"H«0*  +  H,C«HO«. 

Like  aspartic  (or  malamic)  acid,  this  compoimd,  Phenyl-malamic  add, 
produces  salts  by  exchanging  H  for  basic  radicals,  of  which  salts  No& 
3  5  and  36  are  examples.  This  acid  is  perfectly  similar  to  the  anilidogen 
acids  described  at  letter  D,  page  228,  save  only  that  it  has  two  diflefCDt 
acid  radicals,  instead  of  two  acid  radicals  of  the  same  kind. 
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35.  Phenyl-malamate  of  ammonia. 

36.  Pbenjl-matamate  of  silver ;  fbnnula  CTH 

17.  Phenyl-malamide  or  malanilide ;    formu 

iB.  Phenyl-maluDide,  or  malanile ;  formula  C* 
NO". 

The  reactions  of  these  salts  are  precisely  conf 
necessarily  be  predicted  of  the  reactions  of  anilidt 

When  the  salt  No.  38  is  boiled  with  aqaeons 
the  salt  No,  35.     Thns: 

Z,C1P,CH";CH0'1   _  |ZH,CH';CIP( 
H  ;  ZH'O  (  ~  I 

This  product  is  convened  by  barytic  water  into 

barytes  =  ZH.CH';  CTPO*  +  Ba,(?HCP,  whid 

tfae  action  of  sulphuric  acid  into  the  acid  No.  34. 

This  acid  is  evidently  the  anilidogen  acid  corree 

acid  malate  of  phenylam,  thus  : 

ZFT.CTP;  CirO'+H,CfH0'=  |  ^HjCTI'; 

The  donble  amid  No,  37  is  in  the  same  way  den 
netitial  malate  of  phenylam,  thns: 

\ZH',OH';CTHO"(  =  I    H"  O  - 

Finally,  No.  36  is  the  "anile"  (see  page  224,  lei 
abstraction  of  HHO  from  the  "anilidt^en  acid" 

ZH.CH';  CHW  +  H,CHO»  =  j  ^jj*^" 

We  perceive  all  through  this  set  of  change) 

of  the  malic  acid,  acts  precisely  as  it  mnst  act  if 
ferent  radicals.  There  are  also,  under  all  circnmj 
oomponnd,  exactly  the  number  of  atoms  of  oxyge 
which  form  the  complement  of  two  acid  radio 
power  to  form  normal  salts  with  O*,  and  the  otlx 

Group  P.  No.  39.  MaJeia  Add,  Production 
Reactions,  No.  i,  page  420. 

Group  Q.  Nos.  40  to  46.  MaUates,  Gerhan 
acid,  and  gives  it  tiie  formula  Cm'O'  =  CTTO°,; 
the  slightest  evidence  to  prove  its  possession  of  bi 
e  of  acid  salts,  such  as  are  represent 
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I  have  shown,  in  respect  to  the  sulphates  and  oxalates,  that  such  acid 
saltij,  or  double  salts,  cannot  be  accepted  as  examples  of  true  bibssic 
salts,  and,  besides,  many  organic  acids,  universally  admitted  to  be  Tumo- 
basic,  exhibit  examples  of  such  acid  salts.  I  may  instance  the  acetates, 
the  margarates,  the  stearates,  and  the  benzoates.  Gmelin's  fc^mube  for 
raaleic  acid  and  its  salts  are  as  follows :  C*H*0*  =  maleic  acid ;  OHMC 
=  monomaleate ;  C*HMO*,C*H*0*  =  bimaleate.  His  formula  for  the 
ammonam  salt  No.  48  is  NH^CCHCuO*  -f  Aq. 

Group  R.  No.  49.  Fumaric  acid.  Production  of  fumaric  ackL  See 
Reactions,  No.  i ,  -page  420. 

Group  S.  Nos.  50  to  59.  Fumarates.  The  fumaric  acid  produces  a 
few  acid  salts  such  as  Nos.  51, and  54 ;  but  most  of  its  salts  are  neutral, 
on  the  model  of  No.  50.  It  also  produces  basic  salts,  such  as  are  repre- 
sented by  Nos.  56,  57,  58.  It  has  been  called  a  bibasic  add,  but  with- 
out necessity,  and  to  no  useful  end,  59,  Fumarate  of  ethyL  Decom- 
positions :  see  Reactions,  Nos.  10  and  1 1,  page  422. 

Group  T.  Nos.  60  to  64.  Fumaric  Amides.  60,  Fumaric  anhydride; 
anhydrous  fiimaric  acid ;  anhydrous  maleic  acid  =  CH*0*.  This  may 
1)0  supposed  to  result  from  the  abstraction  of  two  atoms  of  HHO  ftom 
one  atom  of  malic  acid,  No.  i  : 

H.CH'O*  +  H,CHO»  =  j  h'^2^  J  ^.C'HO' 


chroraate  of  potash.     See  page  126. 

K*     Cr*     O'  =   Bichromate  of  potash. 
Mg*(C*H)*(y  =    Bimalf»te  of  magnesia. 

61,  Fumaramide  =  C^N'H'O*.  Production;  see  Reactions  No,  11.  De- 
composition; Reactions,  Nos.  12  and  13,  page  423.  62,  Fumarimide 
=  C«NIPO\  63,  Hydrated  fumarimide  =  CNIPO*  +  Aq,  Produc- 
tion; see  Reactions,  Nos.  3  and  14.  64,  Fumaramide  with  mercuric 
oxide  =  C'N*H''0*,2HgO.  These  names  and  formul®  are  quoted  from 
Gmelin's  Handbook  of  Chemistry^  vol.  x. 

Reactions  of  Salts  of  the  Malic  Group. 

I.  When  malic  acid.  No.  i,  is  heated  in  a  retort,  it  suffers  deccmi- 
position  and  produces  water,  and  either  maleic  acid,  No.  39,  or  ftonaric 
acid,  No,  49.  It  depends  upon  the  regulation  of  the  heat  and  its  dura- 
tion, whether  the  chief  product  is  maleic  acid  or  ftunaric  acid. 

•     H,C«IPO«  +  H,C«HO«  =  (H,C»HO«)«  +  HHO. 
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A  loog-continued  heat  of  about  1 80^  C.  produces  the  two  acids  in  about 
equal  quantities.  A  suddenly-raised  heat  of  200^  C.  produces  chieflj 
maleic  acid.  A  long-continued  heat  of  150^0.  converts  malic  acid 
chiefly  into  fumaric  acid.  There  is  nothing  in  these  results  which  deter- 
mines whether  the  salt  H,C'HO^,  which  I  have  assumed  to  exist  ready- 
fbrmed  in  the  malates,  is  the  maleic  or  the  fumaric  acid,  nor  to  show 
which  of  these  acids  is  the  product  of  the  decomposition  of  H,C*H'0' 
into  HjCHO*  -f-  HHO.  Of  the  two  isomeric  acids  (the  maleic  and  the 
fumaric),  the  maleic  seems  to  be  most  volatile ;  but  it  requires  a  higher 
d^ree  of  heat  to  volatilize  it  than  that  which  suffices  (if  long-continued) 
to  convert  the  malic  acid,  and  the  maleic  also,  into  fumaric  acid. 

2.  When  malic  acid  is  gently  heated  with  oil  of  vitriol,  it  produces 
carbonic  oxide  gas  (Dobereiner)  and  acetic  acid  (Liebig) : 

H,(7BP0»  +  H,C«HO*  =  H,C«IPO»  -f  (C0)«  +  HHO. 

It  is  possible  that  the  salt  H,CfH^O*  assumed  to  be  contained  in  malic 
acid,  may  contain  the  radical  of  the  acetic  acid ;  but  this  production  of 
acetic  add  firom  malic  acid  is  not  alone  sufficient  to  prove  that  that  sup- 
position is  a  ^t.  The  circumstance  that  the  malic-acid  radical  =  C^K* 
can  readily  produce  the  radical  ^  CH\  is  another  fact  that  leads  to  the 
idea  that  the  malates  may  contain  C^H'  as  well  as  C'H' ;  it  being  at  the 
same  time  pretty  certain  that  C*H*  is  not  C*H*  +  CI"H",  which  would 
make  it  a  multiple  of  the  succinic  radical.  While  assuming  that  the 
radical  of  the  malic  acid  consists  of  the  two  radicals  C^H^  and  CFW^  I  do 
not  pretend  to  be  able  to  identify  either  of  these  radicals  with  other  iso- 
meric radicals.  I  only  wish  to  demonstrate  the  probability,  at  least,  of 
there  being,  in  fact,  two  radicals  and  not  one  radical,  present  in  malic 
add,  and  thereby  to  explain  the  cause  of  the  bibasic  power  of  that  acid. 
The  identification  of  the  individual  radicals  is  a  matter  for  experimental 
research. 

3.  When  the  bimaJate  of  ammonia  No.  9  is  heated  to  160° — 200°, 
it  gives  off  water,  and  is  converted  into  the  salt  No.  63  : 

ZH*,CTPO»  +  H,(?HO« J        J  Z,CW,CfH» ;  Z,C»H,CraO» 
ZH*,C»H»0»  +  H,C«HO«[  ^  t  5(H,H0). 

This  is  also  produced  when  the  hydrochlorate  of  aspartic  acid  No.  26 
is  exposed  to  heat : 

Zff,CTPO«  4-  H,C«HO"  +  HCl  1        j  Z,(?H»,(?H* ;  Z,C«H,C»HO* 
ZH«,C*H«0»  +  H,C«H0"4-HClf  *"  t2(HCl)  +  3(H,H0). 

Chemists  are  not  agreed  respecting  the  composition  of  the  salt  No.  63. 
It  is  sometimes  called  Aspartic  acid  minus  water  =  C^NITO'  —  3  HO. 
Sometimes  it  is  said  to  be  hydrated  fiimarimide  =  CJ'NH'O*  +  Aq.  It 
seems  to  be  a  salt  in  which  two  amidecs  include  all  the  add  radicals  of 
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the  two  decomposed  salts.     I  have  given  examples  of  sach  salts  in  the 
indigo  series,  at  page  265, 

4.  When  the  compound  No.  63  is  boiled  with  hydrochloric  add,  it 
produces  the  crystalline  hydrochlorate  of  aspartic  acid,  No.  a6. 

Z,C«H»,C«IP;  Z,(?H,CraO»l        j  ZH«,C«ITO»  +  H,CWO»  +  Ha 
2(HC1)  +  3(H,H0)         I  "  tZH«,CTi»0*  +  H,(?HO»  +  Ha 

5.  When  the  hydrochlorate  of  aspartic  add,  No.  26,  is  dissolved  in 
hot  water,  the  solution  divided  into  two  equal  parts,  the  one  satniated 
with  ammonia  and  the  other  added  to  it,  the  mixture  thus  formed  yields 
on  coohng  an  abundant  crystaUization  of  aspartic  add.  [The  hydro- 
chloric acid  being  separated  in  the  state  of  sal-ammoniac.] 

6.  When  aspartic  acid.  No.  15,  is  acted  upon  by  nitrons  add  in  the 
presence  of  nitric  add,  nitrogen  is  disoigaged  and  malic  add  produced : 

ZH»,CTEPO»  +  H,CfHO«)        j  H,CIPO»  +  H,CfHO" 

H,NO»    [  ""  t        N,N  -f  HHO. 

Here,  the  reaction  seems  to  be  entirely  restricted  to  the  amidogen  salt 

J.  Diluted  sulphuric  acid  converts  aspanigine.  No.  27,  into  ammonia 
aspartic  acid,  No.  1 5 : 

ZH»,(7H"0«  +  ZH«,(?H0l  _  jZH«,CTPO»  4- H,C^O» 
H,SO«  +  H,HO  f  ^  t  ZH^SO• 

8.  The  solution  of  asparagine,  in  strong  hydrochloric  add  evaporated 
at  a  gentle  heat,  leaves  sal-ammoniac  and  aspartic  add : 

ZH«,(?H«(y  +  ZH«,C«HO  \       j  ZH«,C*HW  +  H,CTHO« 
HCl  4-  HHO         f  *  \  ZH*,C1 

9.  When  asparagme,  No.  27,  dissolved  in  water,  is  sealed  in  a  glass 
tube,  and  heated  till  the  pressure  amounts  to  three  or  four  atmospWes, 
it  is  converted  into  aspartate  of  ammonia,  No.  20,  without  liberation  of 
any  permanent  gas : 

Zff,CH^)»  +  ZH*,C«H01  _  JZH»,CWO"  +  ZH*,CHO« 

m    01  - 1 

10.  The  fumaric  ether  or  fumarate  of  ethyl,  No.  59,  is  converted  by 
hydrate  of  potash  into  fumarate  of  potash.  No.  50,  and  alcohol : 

(7H»,CTaO"  +  KHO  =  H,(?H»0  +  K,(?HO». 

11.  The  same  ether  is  converted  by  aqueous  ammonia  into  alcohol, 
water,  and  fumaramide.  No.  61 : 

CTI»,CHO»      \       JH,CTI»0  +  H,HO 
ZH*,HO  J   "=  tZH«,C«HO 
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13.  When  fhmaratnide.  No.  6i,  is  heated  for  some  time 
it  is  converted  into  lumarate  of  ammonia  No.  5}  : 

ZH*,CHO  +  HHO  =  ZH'.CHO*. 

13.  When  fumaramide  is  heated  with  aqneoas  potash, 
ammonia,  and  produces  fumarate  of  potash,  No.  50. 

ZIP.CWO  +  KHO  =  KiCTSO"  +  ZWE. 

14.  The  hydratcd  fhmarimide.  No.  63,  see  Reactions,  ( 
composed  by  water,  and  yields  Ininaiiinide,  No.  62  : 

fZH.CH;  (m<y 

Z,CH',CH';  z,(?B,<m(y  =  JzH,C?H;  CHO" 

I  H;  H    O. 


If  we  disregard  the  slight  differeDccfl  in  properties  whici 
the  maleates  trom  the  fomarates,  we  have  good  grounds  foi 
that  the  formnla  which  I  have  assigned  to  malic  acid  is  the  I 
that  it  is  not  a  bibasic  add,  but  a  compound  of  two  monobs 

H.CITO'  +  H,<7H0». 

All  the  chemical  reactions  among  the  malates  end  the  prod 
decomposition  are  such  as  onght  to  occur  if  this  suppositioi 
and  in  opposition  to  it,  we  have  only  the  bare,  vague,  uupr 
that  the  radical  of  a  bibsaic  acid  possesses  all  Uie  powers  ai 
of  the  radicals  of  two  monobasic  adds.  I  have  no  faith  in  t 
It  seems  to  me  to  be  demonstrated  by  the  universal  [ 
radicals,  that  every  one  of  them,  as  lo:^  as  it  continues  b. 
pendent  radical,  lus,  under  all  drcumstances,  the  saturating 
one  volume  or  one  atom,  a  chemical  force  which  nothing  cai 
ides,  that  one  add  radical  can  neutralise  two  basic  radical) 
phrased,  become  bibasic,  is  in  opposition  to  the  essence 
Only  whoi  the  materials  which  constitute  a  radical  pass  into 
a  diiCferent  radical,  can  its  saturating  capadty  change.  One 
be  split  into  two  radicals,  or  several  radicals  may  combine 
radical,  as  in  the  ammoniums.  But  every  radical,  so  long  as 
its  identity,  acts  as  a  unit,  as  a  ^Dgle  volume,  a  single  atoi 
terms,  it  cannot  be  bibasic  nor  biadd,  and  the  existence  of 
in  any  other  sense  than  that  which  has  been  explained  at  paj 
impossibitity. 


.■^ '••?-* 
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The  Citric  Group  of  Salts. 

The  citric  acid  is  commonly  received  as  the  Model  "  tribasic  "  add  of 
the  organic  series.  Jts  formula  is  3H0,C**H*0",  in  which  3  HO  repre- 
sent bases  replaceabfe  by  3 MO,  by  2HO  +  MO  or  by  HO  -f-  2MO.  If 
I  double  tlie  atomic  weights  of  the  carbon  and  oxygen,  and  put  this 
formula  into  the  shape  commonly  adopted  in  this  work,  I  prodnoe 
H'jC'H^O',  where  C*H*0'  is  a  constant  quantity,  and  H*  are  replaoeaUe 
by  any  three  basic  radicals. 

The  tribasic  theory  of  citric  acid  is  due  to  Liebig.  Several  chemists 
have  expressed  an  opinion  that  it  is  a  compound  acid.  Beizdios 
seems  to  have  considered  it  to  contain  two  atoms  of  citric  acid  of  the 
formula  (aC*H"0*)  and  one  atom  of  aconitic  acid  (C*HO*).  Dumas 
assumed  that  it  consisted  of  oxalic  acid  CO",  acetic  acid  C*HW,  and 
oxal-acetic  acid  C*(H*,CK)')0*.  Pebal  thought  diat  it  contained  one  atom 
of  C*HO*  and  two  atoms  of  C*H^*. 

I  adopt  the  idea  that  tribasic  citric  acid  is  a  triple  salt,  containing  not 
only  three  basic  radicals,  but  also  three  acid  radicals,  and  I  propose  to 
write  the  formula  thus : 


{ 


H,C»H»0»1 

H,C«H  0"V ,  or  H.CfH'O*  +  2(H,CH0«). 

H,C*H  O*] 


I  shall  apply  to  the  radicals  exhibited  in  this  formulae  the  same  pro- 
visional names  that  I  have  used  in  the  section  on  malic  acid;  and  I 
propose  to  show  by  examples  that  ail  the  citrates,  and  the  salts  that  are 
derived  from  them,  have  the  constitution  and  the  chemical  chaiacteis, 
which  they  would  necessarily  have,  if  the  citrates  were  triple  salts, 
formed  in  accordance  with  the  above  formula,  and  having  not  only  three 
basic  radicals,  but  three  acid  radicals,  each  possessing  the  power  of  in- 
dependent chemical  action. 


'■I 


EXAMPLES  OF  CITRATES. 

H  ,C"H»0»] 

H  ,C^  on  Hydra  mylite  bis  hydra  dylete. 

H  ,C«H  0«  j 

K,CWO»] 

K  ,C*H  0'>  Potassa  mylite  bis  potassa  dvlete. 

K  ,C^  0*J 

H,C«H»0«j 

K  ,CfH  O'l  Hydra  mylite  bis  potassa  dylete. 

K,(7H0*J 
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4.  <  H  ,C"H  (y[  Potassa  mylite  bis  hydra  dylete. 

1h,c-ho'J 

5.  <  K  ,CH  0*1  Amraona  mylite  bis  potassa  dylete. 
1  K,C"HO»j 

6.  <   H  ,C"H"0"  I  Ammona  mylite  bis  hydra  dylete. 
I  H  ,C*H«0«J 

7.  <  ZH*,C*H  0*1  Hvdra  mylite  bis  ammona  dvlete. 
lZH*,C»H  (y\ 

ZH*,C*IPO»  H,C?IPO»)  Ammona  mylite  bis  ammona 
ZH*,C*H  O*  -f.  H,C«H  0«l  dylete  cum  hydra  mylite 
ZH*,C^  0«      H,C«H  0« j      bis  hydra  dylete. 


K  ,<7H»0'      Sbc,CTPO»] 
9.^  K  ,C*H  O"  +  Sbc,CfH  0« 
K  ,(?H  0«      Sbc,(?H  0« 


^{ 


Potassa  mylite  bis  potassa 
dylete  cum  stibic  my- 
lite bis  stibic  dylete. 


f  Ba  ,CTPO»       H  ,(?H«0»)  Baryta  mylite  bis  baryta 

10.  ^  Ba  ,C"H  O*  +  Ba  ,0*H  0»l     dylete  cmn  hydra  mylite 
I  Ba  ,(?H  O*       Ba  ,C*H  0*J      bis  baryta  dylete. 

f  K  jCWO'        H  ,CfIPO"]  Potassa  mylite  bis  potassa 

1 1.  ^  K  ,CH  0»  +  ZH*,CfH  0»l     dylete  cum  hydra  my- 
t  K  ,CTE[  O*      ZH*,(?H  0«j      lite  bis  ammona  dylete. 

f  Ag,0*H*0^  I         ]  Argenta  mylite  bis  stibic 

12,1  Sbc,CH  O*  +  AgSbcO     >     dylete  cum  argenta  sti- 
lSbc,C"H  ()•  j      bicate. 

fAg,CH-0-      Ca,^^^  jArpntemyUtebisaigen. 

c  IP  ,cra'o») 

CH»,C*HO"> 
C  H»  ,Cra  0«) 

H  ,C*IPO»] 

t 

'CH»,CIPO»| 
H  ,CHO*y 
H  ,C«HO«J 


ft-  , . 

14.  ^  C  H*  ,C*H  07  Methyla  mylite  bis  methyla  dylete. 

Ic  H»  ,cm  (y^ 

{    H  ,C*IP0»1 

15.  -{C  H*  ,C«H  0">  Hydra  mylite  bis  methyla  dylete. 
IC  IP  .CH  0«] 

rCH»,CIPO»l 
16.-1     H  ,CH  (y\  Methyla  mylite  bis  hydra  dylete. 
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cm*  ,C«IP0»1 


17- 


23 


C*H  0"y  Ethyla  my  lite  bis  ethyla  dylete, 
CHO») 

CH  O'l  Amyk  mylite  blB  hydra  dylete. 
(?HO«j 

C*H*(yi 

^^iTj  ^,1  Amyla  mylite  com  ethyla  dylete 

'fTT  O"       ^^""^  hydra  dylete. 

^CH  (f\  Amyla  mylite  bis  ammoDa  dylete. 
,C«HO«| 

'pjTT  ^1  Amyla  mylite  ctma  potassa  dylete 
C*H(Vl     ^'^^  hydra  dylete. 

C*IPOM 

,Cf H  0    Amida  mylete  bis  amida  dylate. 

.CHO) 

^jTQal  Phenylam  mylite  bis  hydra 

^^trr  Qtl  Phenylac  myhte  bis  aigenta 

Q  I  Hydra  mylite  bis  phenylac 


28. 


cm    , 

C"HOj 
CW0»1 


dylate. 


CH  O  I  -^^"^  mylite  bis  phenylac 


C*HOJ 


dylate. 


QtijQ  i  Baiyta  mylite  bis  phenylac 


CTaoj 


dylate. 


r*HO  iP^^^yl^^™  mylite  bis  phe- 
C«H  O  J      ^y^  ^y^^' 

C*H  O  i  P^^'^y^  mylete  bis  pheny- 
C-HOj      J-c  dylate. 


^^  f  ZH  .CH';  (?H»0»1  Phenylac  mylete  cum  dy- 

3°\Z,< 


,C«H,C*H*  i  CH  0«/     lic-phenylac  dylete. 
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,,   J  H;  CWO*!  Hydra  myUte  cum  djUo- 

*'■  \Z,CH.C?H';  CH  O'f      pheDjIac  dylete. 

I  Ag;  CH^I  AigfiDta  mylite  cumdylic- 

3^- 1  Z,C»H,(?H' ;  CH  0*1      phenjlac  dylete. 

EXAUFLES  OF  ACOMTES. 

33.  H  ,C*HO»     Hydra  aconylete. 

34.  Ag,C?HO*    Argenta  aconylete. 

35.  C?H*,CHO»    Ethyla  aconylete. 

,,    i  K  ,(?H0*  )  Potassa  aconylete  cum  hydra  aco- 
'°-  I  H  ,CHO*  f      nylete. 

IK  .CTIO*  1  Potasaa  aconylete  bis  hydra  acony- 
5'-)3(H,{?HO")(     lete. 

a    iZH*,C?HO*  )  Ammona    aconylete    ctun    hydn 
5°- 1  H  .CHO*  f     aconylete. 

{ZH*,C^O*  1  Ammona  aconylete  bis  hydra  aco 
2(H,CH0')f      nylete. 

1Z,CTI,CH';  CHO"!  Aconylic-phenylac  acony- 

^°-\  HjCHCf     lete  cum  hydra  aconylete 

tZ,C?H,CH';  CH0»1  AconyUc-phenylao  acony 

*  *(  Ag;  C*HO*|    letecumargentaaconylete 

iZ,<?H,CH';  C?HO*l  Aconylic-phHiylacaconyle 

^-  \ZB,     (^H*;  cmO  )     cam  phenylac  aconykte. 

ESAUPLES  OF  ClTKACONATEB. 


44.    CHVCraO*  TVyladylite. 

ZH*'(7H  0*1  ^y*^  trylete  cmn  ammona  dylete 

iH  dPO"! 
A  'c?H  O*  f  ^y^  try  lete  cum  ai^enta  dylete. 

*''■  {  AgicH  O'f  ^^^e^^  ^^^^  <*™  aigenta  dylett 

48.  j^!'5^)  Ethyla  trylete  ctun  ethyla  dylete. 

I  Pb  .CTPO'l  Plumba  trylete  cam  pltunbine  dy 
+5-|  pb'.C'HO'f     lite. 

CH  CIO      f  '^'^y'*  chlorate  com  dyla  chlorate. 
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I.    ZH,C»H«;  C*HO«  Trjlac  dylete. 

2,i   TT  'ris|jirKi[  Amida  dylate  cam  hjdra  trylete. 

3*  I  Bft  V*fnn*i  Amida  dylate  com  baryta  trylete. 

^  JZH,CH» 
^  tZH,(rH» 

^  jZH,CrH» 
^- 1        ZH* 

'■I 


ZH,CrH» 
H 


ZH,e'H* 
Ba 


C?H"0  1  Phenylac  trylate  cum  phe- 
C*H  O  J      nylac  dylate. 

CIPO  \  Phenylac  tiylate  cum  hydra 
C?HO"f     dylete. 

C"H"0  )  Phenylac  trylate  cum  am- 
CTI O*}      mona  dylete. 

(?IPO  \  Phenylac  trylate  cam  baryta 
C-HO«f     dylete. 

8.  Z,CH»,e'H»  ;  CH  0»  Trylic-phenylac  dvlete. 

9.  Z,C»IP,0'H*I ;  OH  O*  Try  lie  -  iodic  -  phenylac 

dylete. 

60.    Z,CIP,C»H»Z«;(?HO«  Trylic-zotenic-phenylac 

dylaze. 

,    jZH,CIPZ«;  (?H'0»1  Zotenic-phenylac  trylate 
^'- 1  H ;  C"H  0»  f       cum  hydra  dylete. 

,     f  ZH,C*IPZ« ;  CIPO*  \  Zotenic-phenylac  trylate 
^'  I  Ag ;  C*H  O*  I       cum  argenta  dylete. 

Investigation  of  the  Citratb3. 

i].  H,C*H«0»  +  2(H,C«H0«).     Hydia  mylite  bis  hydra  dylete. 

The  hydrated  citric  acid.  In  this  acid  there  are  three  atoms  of  hydiogeQ 
which  are  all,  or  one,  or  two  of  them,  replaceable  by  other  basic  radioils, 
giving  rise  to  the  three  kinds  of  salts  which  characterise  the  citrates,  and 
which  are  illustrated  by  examples  in  Nos.  2,3,  and  4. 

Ther^  are  three  varieties  of  citric  acid  obtainable  in  the  solid  state,  in 
accordance  with  the  following  formulae : 

A).  H,CTa»0»  +  2(H,C*H0«). 
B).  H,C*ITO»  +  2(H,C*H0«)     +HHO. 
^   fH,(?H-0-  +  2(H,CTI0«)\  .  ^^ 
'"^-  \H,C«H«0»  +  2(H,C«H0«)f  +  ^^"" 

A).  The  acid  which  corresponds  with  the  normal  salts.  It  is  pro- 
duced by  heating  the  crystallised  acids  to  2 1 2^  F.  B).  The  com- 
mercial add,  which  crystallises  when  the  solution  is  slowly  evaporated. 
Its  ordmary  formula  is  (3HO,C**H»0",2aq.).  C).  This  acid  is  pro- 
daced  by  satarating  the  solution  at  212^,  and  allowing  it  to  cool  and 


cr}-9t3llise.     Compare  the  adds  B  and  C  with  the  salts  Ki 
which  have  correypoadiog  formula. 

K  ,C^'0'  +  2(E,CTI0')    =   Trimetalli 
H,C*H"0»  +  a(K,CmO')   =   Bimetallic 

K.CITO'  +  aCH.CHO')    =   Monomet 

5].  ZH',(?H*0'  +  3(K,C?H0'). 

This  is  an  example  of  a  neutral,  or  trimetallic  salt,  whicl 
metals  as  basic  radicals. 

6].  ZH*,CIPO"+  2(H,CTI0*). 

Monometallic  or  acid  salt  of  ammoniam;  of  the  same 
potassitun  salt  No.  4.] 

7I.  H.CH'C  +  2{ZR',CfHQ^). 

Bimetallic  salt  of  aramoninm,  coirespondiog  to  the  pstassil 
The  trimetallic  salt  of  ammonium   =  ZH'.CH'O'  +  2 

can  onlf  be  prepared  in  solation;   but  No.  22  represents 

salt  which  corresponds  to  it. 

A  great  number  of  citrates  are  formed  according  to  c 

these  three  models.     It  is  useless  to  quote  them,  becaua 

not  be  contested.     It  is  sufficient  to  say,  that  these  are 

forms  of  the  citrates,  and  that  they  may  all  be  represe 

salts. 

.-,    |ZH*,CTW  +  2{ZH*,(?H0')1 

^>  \  H  ,cmy  +  2(  H  ,CHO')  r 

T  1  K,CH"0'4-3(  K.CHO")! 
9J- 1  SbcCWO"  +  2CSbc,C^0')f 
-,  I  Ba,{?H'0'  +  2(Ba,CH0')) 
'°-i-  {  H  ,^^0"  +  2(  Ba  ,C*HO")f 

I  K,<?IK)'  +  2(  K.CHO*)! 
'1,  CH'O' +  a(ZH',CHO'J  (" 

Nos,  8,  9,  10,  II  are  examples  of  double  citrates,  each 
tains  six  monobasic  salts,  all  in  the  proportions  necessarj 
citrates.  The  relation  of  these  salts  to  the  simpler  kipds,  1 
:vidcnt  on  an  inspection  of  the  formuUe,  that  comment 


'J- 1  H,  I 


12].  Ag,CTI!0»+2(Sbc.CTI0')  +  AgSbc( 
,,,  IAg,CITO-  +  2(Ag,C?H0-)l  ,  „„ 
'JJ- ICa .CB-O- +  2(0. ,CTJO')f  + -^S^" 

In  No.  1 2,  one  atom  of  a  dtrate  is  combined  with  a  salt 
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of  water.  In  No.  13,  two  atoms  of  a  citrate  are  combined  with  a  salt 
on  the  model  of  water.  These  two  models  are  not  uncommon  among 
the  citrates.  If  all  the  radicals  of  both  formnlse  except  CU'  and  (7H 
were  exchanged  for  hydrogen,  the  salts  would  resemble  the  crystallised 
acids  B  and  C,  No.  i.  The  structure  of  these  salts  becomes  intelligible, 
if  we  assiune  that  the  my  lite  which  forms  part  of  them  is  subject  to 
become  terbasic     No.  1 2  would  then  be  represented  thus : — 

Sbc',C"IPO*  +  2(Ag,CfH0^  =  Stibinic  mylote  bis  argenta 

dylete. 

The  corresponding  crystallised  acid  (B,  No.  i)  would  be : 

H*,C*Bro*  +  2(H,C«H0")  =  Hydrine  mylote  bis  hydra  dylete. 

In  these  cases,  I  separate  the  citrate  into  three  salts  which  are  mono- 
basic in  general,  but  one  of  which  is,  in  these  examples,  terbasic 


CIP,C«H«0»  +  2(CBP,C«H0«). 

H  ,C?H«0»  +  2(CH»,C«H0*). 

CIP,C«H^  +  2(  H  ,C*HO«). 


These  three  salts  are  the  citrates  of  methyl.  A  comparison  of  Nos.  14, 
15,  and  16,  with  Nos.  2,  3,  and  4,  shows  that  the  salts  are  precisely 
the  same,  excepting  that  the  potassium  of  the  latter  is  replaced  in  the 
former  by  methyl,  atom  for  atom.  Yet  Gerhardt  and  other  chemists 
give  to  the  salts  Nos.  15  and  16  the  denomination  of  '*  conjugated 
acids."  No.  15  is  their  Methyl-citric  acid,  and  No.  16  is  th«r  Dime- 
thyl-citric acid.  The  only  ground  for  this  assumption  is,  that  salts  of 
Ume  can  be  formed  with  these  "  acids."     In  that  case,  we  have 

with  No.  1 5,    Ca  ,C•H^^•  +  2(CH»,C«H0«). 
with  No.  16,  CIP,C«H»0«  +  2(Ca,   C*HO«). 

Both  of  these  salts  are  citrates  equally  with  Nos.  1 5  and  16,  and  onght 
not  to  be  removed  from  that  class  merely  to  make  imaginary  conjugated 
acids.  There  is  not  a  particle  of  evidence  to  prove  that  the  methyl  and 
the  citric  radicals  are  conjugated  into  a  single  acid  radical.  Methyl-dtric 
acid  and  Dimethyl-citric  acid  are  phantoms. 


18 

20 
21 


.  (?R^  ,(?IPO»  +  Cra*,C?HO«  +  C*H*,(?HO». 
.  C»H",C«H»0»  +  H  ,C»HO*  +  H  ,C«HO«. 
.  C*H»,C?'IPO»  +  C?H*,C«HO*  +  H  ,C^0«. 
.  C*H",C«H»0»  +  ZH*,C«HO*  +.  ZH*,(?HO«. 
.  C*H",eH»0«  +    K  ,C»HO«  +     H  ,C«HO«. 


According  to  my  method  of  looking  at  these  salts  they  are  all  citrates, 
triple  salts  formed  in  exact  accordance  with  the  constitution  of  citric 
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acid,  and  with  the  varietied  of  metallic  citrates  described  above.  Bat 
Gerhardt,  reporting  Breunlin's  researches,  will  have  the  last  four  to  be 
salts  of  '*  conjugated  acids,**  No.  1 8  is  the  Amyl-citric  acid,  Nos.  20 
and  21  its  salts,  and  No.  19  is  the  Ethjlamyl-citric  add.  In  the  amjl- 
citric  acid,  four  radicals  out  of  the  six  that  are  present  in  the  salt  are 
assumed  to  be  conjugated  into  an  acid  radical,  which  tlien  of  course  is 
bibasic.  In  the  last  example,  five  of  the  radicals  (C"H',  C*H,  C*H, 
C*H",  and  CH*,)  are  conjugated  into  one  acid  radical,  which  has  H*  to 
combine  with  as  the  corresponding  and  only  remaining  basic  radical. 
The  formula  supplied  for  the  last  salt  are  C"H«0"  =  C«H«(C*H») 
(C*®H")0'*.  There  is  not  the  slightest  necessity  for  this  conglomerating 
process,  nor  has  it  any  beneficial  result.  Conjugated  acids  are  not 
merely  enemies  to  the  accurate  discrimination  of  facts,  and  to  the  precise 
knowledge  of  intricate  details :  they  are  great  high  priests  of  false  philo- 
sophy. In  salt  No.  1 9,  if  we  consider  it  as  a  triple  salt,  we  have  an  intel- 
ligible view  of  its  composition ;  but  if  we  regard  it  as  "  ethyl  amyl-citric 
acid,"  we  must  suppose  that  two  basic  radicals,  ethyl  and  amyl  =s  C^H^ 
+  C*H",  combine  with  the  three  acid  radicals  =  C"H»  +  C*H  +  C*H, 
to  form  a  single  acid  radical  =  C^IT*,  which  has  then  only  a  saturating 
capacity  equal  to  H^  What  has  become  of  the  saturating  capacities  of 
all  the  component  radicals  which  are  assumed  to  be  condensed  into  this 
mammoth  radical  ?  What  proof  have  we  that  the  radical  C^"E'^  is  really 
formed  ?     None  whatever. 

22].  ZIP,C«1P0*+  2(ZH',C«H0).      ClTRAMIDE. 

This  is  the  amid  which  corresponds  to  the  unknown  trimetallic  or  tri- 
basic  citrate  of  ammonia.  That  salt  can  be  prepared  in  solution  though 
it  cannot  be  procured  in  crystals.  I  wish  to  draw  attention  to  the  fact, 
that  as  every  one  of  the  three  atoms  of  ammonium  belonging  to  this  salt 
is  converted  into  amid,  every  one  of  the  three  salts  loses  simultaneously 
one  atom  of  oxygen,  and  the  result  is  the  production  of  an  amidogen 
salt  which  contains  only  four  atoms  of  oxygen  instead  of  the  seven  atoms 
which  belong  to  the  normal  citrate.     Thus : 

ZH*,C?H»0»  =  HHO  -f  ZIP,(7IP0». 
ZH*,C«H  O*  =  HHO  -f  ZH«,C»H  O  . 
ZH*,C«H  0«  =  HHO  +  ZH«,(7H  O . 

Now,  if  we  knew  to  a  certainty  that  the  citrate  of  ammonia  was  a  ti'iple 
salt,  consisting  of  one  atom  of  ZH*,C*H"0«  and  two  atoms  of  ZH*,C»HO», 
this  result  is  precisely  what  we  must  predicate  as  certain  to  occur  on  the 
occasion  of  its  conversion  into  a  triple  amid.  Conversely,  therefore,  the 
facts  afford  excellent  evidence  in  proof  of  the  triple  nature  of  the  acid 
radical  of  the  citrates.  Of  this  conclusion,  the  following  details  respect- 
ing the  phenyl  amids  afford  ample  corroborative  evidence : 
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23].  ZH*,C«H*;  CTI«0»  +  2(  H  ,C*HO«). 
24J.  ZH  .CH*;  C«H"0«  +  2(Ag,C?H0*). 

No.  2  3  is  commonly  called  the  Citrate  of  aniline.  The  other  citrates, 
containing  respectively  two  and  three  atoms  of  phenylam  (ZH*,C^H*) 
have  not  been  discovered,  though  we  are  acquainted  with  their  amids. 

No.  24  is  a  salt  in  which  the  mylite  of  phenylam  has  been  converted 
into  an  amid,  the  mylete  of  phenylac,  while  the  two  atoms  of  hydrated 
dylic  acid  have  both  been  converted  into  dylate  of  silver.  These  changes 
prove  unquestionably,  that  while  the  throe  salts  which  constitute  a 
citrate  remain  in  combination  with  one  another,  they  yet  individually 
retain  their  chemical  powers  unimpaired,  and  can  exhibit  the  phases  of 
all  reactions  to  which  they  are  respectively  competent,  as  decidedly  as  if 
the  tripartite  union  were  dissolved. 

No.  24  is  described  by  Pebal  as  the  silver  salt  of  bibasic  citro- 
monanilic  acid  =  2  AgO,C**H"NO*®.  Here  we  have  another  "  conjugated 
acid,"  which,  like  all  the  acids  conjugated  in  this  manner,  is  an  unwar- 
ranted invention  and  a  useless  incumbrance. 


26^ 

2?: 
28 


H,  C«IPO»  +  2  (ZH,CH' ;  C»HO^ 

Ag,  C»H»0»  +  2(ZH,CrH* ;  C«HO' 

Ba,  C«H«0»  -h  2(ZH,0'H* ;  (?U0\, 

ZH»,CH* ;  C«H»0»  +  2(ZH,CTH[»;  CHO). 


These  four  salts  agree  exactly  with  one  another  in  structure.  The  only 
difference  among  them  is,  that  the  basic  radical  H,  in  No.  25,  is  replaced 
in  the  other  salts  by  Ag,  Ba,  and  ZIP,C'H*.  In  every  example,  the 
mylite,  or  single  salt  with  the  radical  C"H'  is  a  normal  salt  with  O",  and 
is  accompanied  by  two  atoms  of  an  anile  (phenyl-amid)  with  the  add 
radical  CH.  These  amids  have  each,  of  course,  only  one  atom  of 
oxygen,  the  total  quantity  of  oxygen  in  each  salt  being  five  atoms. 
Here,  therefore,  each  of  the  three  acid  radicals  which  constitute  the  dtck 
acid  acts  precisely  as  if  it  were  an  independent  acid  radicaL 
Comparison  of  No.  28  with  No.  23  : — 


No.  23].  ZH»,C*H» ;  C*H»0» 

H;CTH[0« 
H;C«HO» 


No.  28].  ZH»,C'H*;  CH«0». 
ZH,C«H»;C«HO. 
ZH,C»H*;C»HO. 


In  No.  28,  two  atoms  of  oxygen  are  deficient  because  two  basic  radicals 
are  vice-amids  (phenylac).  If  two  atoms  of  HHO  could  be  combined  with 
No.  28,  we  should  have  the  tribasic  citrate  of  aniline  which  has  not  yet 
been  discovered.  If  two  atoms  of  HHO  could  be  combined  with  No.  25, 
we  should  have  the  bibasic  citrate  of  anUine,  also  at  present  unknown  : 

H  ;C«H»0»  ]        m  ;C*H«0«. 

ZH,C«H*;  OEO  +H«0l  =  \zw,(m';  C«HO«. 
ZH,C«H* ;  CH  O  +  H«0 J         izH»,C«H* ;  CH  0-. 


I . 
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Usucd  names  of  these  four  salts, — ^No.  25],  Citrobianilic  acid  = 
C»H«]Sr»0»»  =  H0.O«H»'N«0»,  Pehd.  Phenyl-citrobiamic  acid,  Ger- 
hardt.  Monobasic-citro-monanilate  of  aniline  =  C«IPN,HO.C"H*N, 
C^H^O*,  Fehling.  Aniline  salt  of  monobasic  citromonanilic  acid  = 
C"irN.HO.C^H»*NO»,  Petal.  Hence  Pebal  gives  two  entirely  different 
names  and  formulae.  I  do  not  perceive,  from  his  description,  that  there 
is  a  corresponding  difference  in  the  things. 

Nos.  26,  27,  and  28  are  Citrobianilates.  26]  =  AgO.C"H'rN»0*. 
27]  =  BaO,C«'H"NKy.  28]  =  C«irN.HO.(rH»'N«(y,  Febal  Ac- 
cording to  this  chemist,  '*  the  composition  of  these  salts  shows  that  the 
acid  is  monobasic."  {Qitarterly  Journal  of  the  Chemical  Society ^  v.  287.) 
I  cannot  agree  that  citrobianilic  acid  is  shown  to  be  monobasic,  because 
it  appears  to  me  that  there  is  no  such  thing  in  existence  as  citrobianilic 
acid ;  and  once  again,  I  say,  that  these  ^njugated  acids  are  a  nuisance, 
alike  repugnant  to  truth  and  to  convenience. 

29].  ZH,C?'H»;  (?H»0*  +  2(ZH,eB[»;  C«HO). 

Compare  Nos.  22  and  29.  The  latter  is  the  phenylac  compound  cor- 
responding to  the  amid  compound  represented  by  the  former.  Compare 
29  with  28.  There  is  simply  a  difference  of  HHO  in  one  salt;  the 
phenylam  my  lite  of  No.  28  is  reduced  to  phenylac  mylete  in  No.  29; 
the  other  two  salts  in  each  compound  remaining  the  same. 

dsual  names ;  Citronanilide  =  C"H"N*0»,  Petal.  Phenyl-citramide 
=  C**H«(C'*H»)"N»(/.  Also  Triazoture  of  citryle,  of  triphenyle,  and  of 
hydrogen 

((cruy  ] 

=  NV  CWO'}  Gerhardt. 
I     H»    J 

While  Pebal  is  contented  with  a  clump  formula,  Gerhardt  resorts  to  the 
ammonia  type,  and  forces  three  oxidised  salts  to  appear  in  the  garb  of 
a  trifle  atom  of  ammonia ;  a  proceeding  which  is  not  warranted,  and 
it  will  be  seen,  at  No.  32,  that  the  ammonia  type  breaks  down  when 
applied  to  other  examples  in  the  citric  group. 

30I.  ZH,CT[I»;  C*IPO»  +  Z,C»H,C^»;  CfHO". 


32] 


H  ;  Cmny  +  Z,C«H,CH*;  C"HO». 
Ag;  C'H'^O"  +  Z,C^,CTI*;  C*HO», 


These  three  salts  give  important  testimony  in  favour  of  the  theory  which 
I  am  advocating.  Each  of  the  three  formulae  is  divided  into  two  parts. 
The  first  part  of  No.  30]  is  an  amid  similar  to  the  first  part  of  No.  29]. 
The  first  part  of  Nos.  31  and  32  resemble  the  corresponding  parts  of 
Nos.  25  and  26.  In  these  parts  of  the  three  salts  there  is,  therefore, 
nothing  peculiar.  The  interest  lies  in  the  second  part  of  the  formulap, 
which  is  the  same  in  all  three  examples,  and  which  represents  the  com- 
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poands  that  are  commonlj  called  Amies,  examples  of  which  are  given  al 
page  224,  and  the  theory  of  which  has  been  fully  explained  in  the  sectkn 
that  commences  at  page  222. 

The  usual  names  and  formulse  of  these  three  salts  are  as  follow ; 

30].  Citrobianil  =  C^'H'^NK)',  FebcH.  Phenyl-citrimide ;  atro-bia- 
nile,  or  diazoture  of  citryle,  of  diphenyle,  and  of  hydrogen  =  C*"H"iTO* 

=  N«^  C»H»0*V,  Gerhardt. 

*^  Citrobianil  may  be  supposed  to  be  formed  from  bibasic  citrate  of 
aniline  by  separation  of  6H0 : 

C^H^'N.HOi 

C'«IFN.HO}  C"IPO"  -  6H0  =  C*H"NKy."     Pebal. 

HOj 

# 

31].  •'"Monobasic  citromonanilic  acid  =  C^H^'NO*'.  It  may  be  re- 
garded as  monobasic  citrate  of  aniline  minus  4HO : 

C^H'N.HO) 

HO  I  C^*H»0"  -  4HO  =  (?*H'»NO^*."     PebaL 
HOj 

32].  The  silver  salt  of  monobasic  citromonanilic  add  =  AgO. 
C^H^^O',  Pebal. 

I  cannot  find  that  Gerhardt  has  anywhere  reduced  Nos.  31  and  32  to 
^'  type  ammonia."  These  salts  in  ^t  are  such  as  would  require  an 
extreme  amount  of  pressure  to  fit  them  to  that  type ;  for  against  one 
atom  of  azote  we  have  in  3 1]  the  following  substitutes  for  hydrogen : 
H  =5  I  atom,  CH*  phenyl  =  i  atom,  C"H*0*  citryle  =  3  atoms,  and  0 
in  excess.  These  atoms  will  make  neither  an  azoture  nor  a  diazotoie, 
and  therefore  "  type  ammonia  "  breaks  down. 

Pebal  makes  no  attempt  to  explain  the  constitution  of  these  salts.  He 
shows  their  mode  of  derivation  from  normal  salts,  but  concludes  in  each 
case  with  a  clump  formula  and  a  name  drawn  from  the  store-house  of 
cojijugated  acids,  that  much-frequented  place  of  refuge  for  distracted 
theorists. 

Tried  in  any  way,  these  compounds  present  great  difficulties  on  the 
theory  that  the  citrates  are  tribasic  but  monacid.  We  have  the  follow- 
ing atoms  to  deal  with : 

No.  30].  Z,ZH,C?'H»,C»H»;  CH»0*. 
No.  31I.      ZH,CH»  ;  C*H*0». 

No.  32].    ZAg,CTI»  ;  C»ffO». 

Presented  in  this  light,  these  basic  radicals  are  unintelligible  fragments, 
and  the  variations  in  the  quantity  of  oxygen  are  difficult  to  be  accounted 
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for.  The  usual  theoretical  ezplaQation  given  of  salts  that  contain  such 
fiagmentary  radicals  is,  that  they  are  So-and-so  minus  So-and-so.  That 
explanation  tells  us  hotjo  they  came  to  he  what  they  are,  but  that  is  not  a 
sufficient  explanation*  I  want  to  know  vohat  they  are  while  they  are  in 
the  state  in  which  we  have  them.  Gerhardt  tries  to  evade  this  difficulty 
by  telling  us,  that  the  proper  definition  of  a  thing  is,  not  what  it  is,  but 
what  it  has  been,  or  what  it  may  come  to  be ;  an  unsatis&ctory  argu- 
ment, which  I  have  discussed  at  page  410. 

Now,  on  the  theory  that  the  citrates  are  triple  salts,  the  formulse  30, 
31,  and  32  present  no  difficulties  whatever.  We  can  account,  not  only 
for  the  variations  in  the  quantity  of  the  oxygen,  but  for  every  separate 
radical,  and  show  that  it  is  doing  its  proper  duty.     Thus : 


H ;  c«Hro*j 

A  citrate  containing  two       Water,  Residue, 

atoms  of  phenylam  3  atoms. 


(H«0       ZH,CrH* ;  C«IPO«) 
H»0«  +  Z    ,C«H*;  C*H      VNo.  30. 


The  abstraction  of  HHO  from  the  first  salt  simply  converts  it  into  an 
amidogen  salt  The  abstraction  of  2HHO  firom  the  other  two  salts, 
leaves  such  a  residue  as  constitutes  an  imide  or  an  ant/e,  the  theory  of 
which  I  have  fiilly  explained  in  the  article  on  Imidogen  compouncU  at 
page  222,  to  which  I  have  already  referred.  The  azotic  radical  No.  226, 
page  224,  is  the  exact  counterpart  of  the  second  half  of  the  formulae  of 
Nos.  30,  31,  and  32.     Thus: 

Z,CIP,C«H* ;  C*IPO«     Succinylic-phenylac  succinylete. 
Z,C*H  ,C«H» ;  CH  0*     Dylic-phenylac  dylete. 

Again,  No.  31  requires  merely  the  addition  of  two  atoms  of  water  to  be 
restored  to  the  condition  of  its  ncxinal  salt  No.  23. 


H;(7IP0»  )        fZIP,C«H»;(?H«0* 

z,eH»;  cmo  +  nsy  \  =  I         H;  c"h  o« 

C«HO  J        I  H;C«HO« 


■^-^ 


No.  31        +  Water  =  No.  23. 

The  same  quantity  of  water  applied  to  No.  32  would  produce  the  fol- 
lowing salt,  which  is  nearly  related  to  No.  23  : 

ZH»,C»H»;  C'BTO'  +  Ag,C*HO«  +  H,C«HO«. 

These  considerations  prove,  almost  with  the  force  of  mathematical 
demonstration,  that  the  citrates  ought  to  be  considered  to  be  triple  salts, 
each  having,  not  only  three  basic  radicals,  but  also  three  acid  radicals. 
On  that  supposition  you  can  account  fully  for  all  their  reactions  and 
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transformations,  without  the  necessity  of  resorting  to  conjugated  adds, 
type  ammonia,  or  other  cumbersome  or  rickety  hypotheses,  contrived  to 
make  things  pleasant,  or  serving  to  mix  them  into  a  muddle. 

If,  on  the  contrary,  you  insist  that  citric  acid  shall  be  considered  s 
terbasic  acid,  I  ask  you  to  explain,  how  it  comes  to  pass,  that  the  citric 
acid  radical  CH*  so  thoroughly  and  effectually  holds  in  the  majority  of 
cases,  all  the  chemical  powers  of  three  separate  radicals,  and  yet 
frequently  suffers  their  abnegation  to  such  an  extent  that  you  cannot 
dispose  of  the  positive  radicals  without  a  reinforcement  of  six  or  eight 
conjugated  acids  ?  It  is  easy  to  declare  off  hand  that  a  terbasic  acid 
radical  has  the  powers  of  three  monobasic  acid  radicals ;  but  when  joa 
come  to  account  for  the  variations  in  the  quantity  of  oxygen  and  for 
the  constitution  of  amides,  imides,  aniles,  conjugated  acids,  and  similar 
imaginary  compounds  to  which  the  terbasic  doctrine  drives  jou  ,*  the 
diflSculties  and  contradictions  which  assail  you  are  so  unconquerable, 
that  you  are  driven,  in  despair,  to  take  shelter  behind  that  convenient 
dummy — the  unitary  formula. 

Investigation  of  the  Aconites, 

When  citric  acid  is  exposed  to  heat,  it  disengages  carbonic  oxide 
and  carbonic  acid,  and  yields  a  residue  which  is  called  Aconitic  acid,  and 
which  is  commonly  indicated  by  the  following  formula:  3H0,C**IP(y, 

**  Aconitic  acid  is  isomeric  with  fumaric  and  malseic  acids.  Hydiated 
aconitic  acid  contains  the  elements  of  two  equivalents  of  water  less  than 
hydrated  citric  acid :  3H0,C»«H'^  +  2HO  =  3H0,C^«H*0".  Indeed, 
aconitic  acid  derives  its  principal  interest  from  its  close  connection 
with  citric  acid,  and  from  the  light  which  its  composition  throws  upon 
some  apparent  anomalies  in  relation  to  the  separation  of  water  flnom  the 
crystallised  acid  and  its  salts."     Miller  (Elem.  Chem.  iii.  343). 

Doubling  the  atomic  weights  of  C  and  O,  and  re-amanging  the  for- 
mula, we  produce  IP,^!!®^.  These  numbers  represent  a  terbasic  add, 
but  this  acid  is  made  terbasic  without  necessity,  and  I  divide  the  for- 
mula by  3,  which  leaves  H,^!^.  Dr.  Miller's  remarks  respecting  the 
difficulties  which  depend  upon  the  different  degrees  of  hydration  of  dtric 
acid,  I  have  disposed  of  in  the  Notes  to  Nos.  i  and  13  of  the  citrates. 
The  formula  to  which  I  have  reduced  the  aconitic  acid,  HjC'HO',  agrees 
exactly  with  the  formula  of  the  acid  which  I  have  in  the  sections  on  the 
Malates  and  the  Citrates  called  Hydra  dk/lete,  I  cannot  undertake  to 
determine  whether  the  radical  CH  =  Dyl  is  the  radical  of  the  aconites, 
the  malseates,  or  the  fumarates.  That  must  remain  for  special  deter- 
mination, I  have  hitherto  used  the  term  Dyl  to  signify  C*H,  in  order 
not  to  prejudge  the  question.  But  I  shall  use  the  term  aooDyl  in 
describing  the  aconites. 

The  Table  of  Examples,  Nos.  33  to  42,  afford  su£5cient  spedmens  c^ 
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the  different  varieties  of  aconites.  No.  33  is  the  aconltic  acid.  Nos. 
34  and  35  are  examples  of  neutral  salts.  Nos.  37  and  39  are  examples 
of  the  triple  salts,  which  probablj  gave  rise  to  the  notion  that  the 
aconites  were  terbasic : 

K,C*HO»  +  2(H,craO»)  =  KH«,C^»0'. 

The  salts  Nos.  36  and  38  afford  examples  of  double  aconites.  These 
were  procured  by  Baup  by  dividing  a  quantity  of  acid  into  two  parts, 
neutralising  one  part  by  a  base,  and  then  mixing  the  whole.  The 
crystals  were  subsequently  analysed,  and  were  found  to  agree  with  formulae 
that  lead  to  Nos.  36  and  38.  Gerhardt  and  Gmelin,  prepossessed  with 
the  idea  that  the  aconites  were  undoubtedly  terbasic,  concluded  that 
Baup's  experiments  were  inexact ;  but  experiments  are  not  necessarily 
inexact,  because  their  results  disagree  with  a  theory  which  is  itself  un- 
founded. 

Z,C"H,C?Ta* ;  C«HOM 
H  ;  C«HO» 

^  n  jZ,Cra,CTa*;C*HO«) 
4'J-\  Ag;C?HO»f 

These  salts  are  precisely  like  the  salts  31  and  32  of  the  citric  series,  ex* 
cepting  that  they  contain  only  one  kind  of  acid  radical,  instead  of  two 
different  add  radicals.  The  theory  of  the  constitution  of  these  salts  is 
the  same  as  that  by  which  I  have  explained  the  citric  salts.  Gerhardt' s 
name  for  No.  40  is  Phenyl-aconitamic,  or  aconitanilic  acid  =  C^H^NO" 
=  C*«H'0«  +  C*«iFN  -  4HO.  No.  41  is  the  silver  salt  of  that  hypo- 
thetical conjugated  acid. 


40].  { 


44  { 


Z,C«H,(rH»;(?HO«l 
ZH     .CH'jC'HOf 


=  N«< 


This  is  evidently  the  combination  of  an  amidogen  salt  with  an  imidogen 
salt  (using  the  current  phraseology  of  Chemistry).  Gerhardt  calls  it 
Phenyl-aconitimide ;  aconito-bianile ;  or  diazoture  of  aconityle,  of  di- 
phenyle,  and  of  hydrogen.  He  gives  these  formuls:  =  C^H^N'O* 
=  C»«H*(C"H»/N«0";  also  C«H'*N«0» 

f(C-H»)« 
CH»0»; 
H 

and  the  following  to  explain  the  origin  of  the  compound : 

C'«H«0'«  +  2C»H^  -  6H0  =  C"H"NKy. 

These  three  phenylac  compounds  were  discovered  by  Pebal. 

On  the  radical  theory,  No.  42  is  accounted  for  by  the  following 
equation : 
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These  three  derivatives  from  aniline  present  great  difficulties  of  ezphma- 
tion  if  we  treat  aconitic  add  as  teibasia  What  these  difficulties  are,  I 
have  explained  at  the  end  of  the  section  on  the  citrates.  On  the  other 
hand,  if  we  treat  aconitic  acid  as  monobasic,  we  can  acooont  for  the  con- 
stitution  of  these  amids  easily  and  satisfactorily. 

I  repeat,  then,  that  the  formula  of  aconitic  add  is  H^CHO^,  and  that 
it  is  monobasic.  The  assumption  of  the  formula  3H0,C''H'0*,  and  the 
declaration  of  the  terbasicity  of  this  add  are  justified  only  by  the  doctrine^ 
that  it  is  easy  to  convert  a  monobasic  acid  into  a  terbasic  acid  by  triplii^ 
the  formula.     See  page  39  J. 

Investigation  of  the  Cttraoonates. 

The  common  formula  of  the  Gtracoiiic  add  i&  2H0,C'*H^',  and  it  is 
esteemed  to  be  Bibasic.  I  propose  to  show  that  its  reactions  and  txans- 
formations  are  such  as  indicate  that  it  i»  a  double  monoba^c  salt^  having 
two  different  add  radicals,  and  agreeing  with  the  following  formula : 

H,(?H«0«  +  H,C«HO». 

As  this  add  can  be  prepared  by  heating  aconitic  add,  it  is  probable  that 
the  radical  G^H  is  aconyl ;  but  as  the  acid  is  commonly  procured  by 
heating  citric  add,  and  as  I  do  not  wish  to  prejudge  the  question  re- 
specting the  identity  of  these  isomeric  radicals,  I  shall,  as  before,  call  the 
radical  C"H  dyi,  while  the  other  radical  C?H*  shall  be  called  tryl.  This 
radical  agrees  in  composition  with  acryl,  the  radical  of  acrolein,  and 
with  the  radical  of  the  pyruvates.  All  these  radicals  are  produced  by 
heating  other  hydrocarbons.  They  may  he  one  and  the  same  thing,  but 
I  cannot  say  that  they  are  so,  and  therefore  I  use  the  term  tn^j  as  a 
provisional  name  for  the  add  radical  C*H^  as  it  occurs  in  the  Otn- 
conates. 

Examples  of  Citraconates  are  given  in  the  Table,  Noe.  43  to  62.  As 
many  of  these  salts  present  forms  of  combination  which  have  been 
already  examined  minutely,  I  shall  pass  over  them  briefly. 

43].  H,C»H»0«  +  H,CHO*    Hydra  trylete  cum  hydra  dylete. 

This  is  the  hydrated  aconitic  acid.  Being  a  double  add,  it  has  two  le- 
placeable  atoms  of  hydrogen,  and  in  that  sense  is  truly  bibasic ;  but,  as 
each  of  these  basic  radicals  is  combined  with  a  separate  add  radical,  tht 
salts  are  not  bibasic  in  the  ordinary  sense  of  that  term,  but  are  biadd  as 
well  &s  bibasic.  44].  This  is  the  citraconic  anhydride  or  anhydrous 
citraconic  acid  =  C*H',C*HO*,  which  agrees  precisely  with  the  compound 
anhydrides  described  at  page  121.  45]  and  46^  are  examples  of  add 
citraconates.    47]  and  48 J  are  examples  of  neutral  dtraconates.     49]  is 
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a  compound  salt  in  which  one  of  the  conEtituent  salts  is  trib 
is  the  oiychloride  of  citraconyl ;  which  Gmelin  calls  Cblorc 
A  moist  ^  converts  it  into  hydrochloric  and  hydrated  citrau 

CTP.CIO  +  H,HO  _  H.CflPO*  +  Ha 
(?H  ,aO  +  H,HO  "  H,C*H  0"  +  HCl 

The  oiychlorides  in  general  have  one  atom  of  chlorine  and  o 
oxygen  with  each  organic  radical.  The  same  proportions  c 
There  ere  two  atoms  of  chlorine  and  two  atoms  of  oxygen,  bei 
are  two  o^anic  radicals,  51]  is  the  Citraconimide,  lormed  by 
erf  heat  on  the  citraconate  of  ammonia.  No.  45]  : 

,^,        (  H  ;  C'IPO'l   _  JZH.CfH*;  C?HO*  =  51 

45J-  =^ZH';  CHCf  ~  t   HHO  +  HHO    =  wi 

53]  is  called  Citraconamide,  and  also  Citraconamic  acid.     Tl 

traconamide  ia  improper,  becanse  it  implies  the  amide  of  t 

citiaconamate  of  ammonia,  which  must  have  this  composition 

ZH',CHO»  +  ZH'.CTPO"; 

whereas  No.  52]  is  the  amide  of  the  add  citraconate  of  ami 
therefore  the  bma  citraconamic  acid  is  preferable.  No.  j 
barytic  salt  of  that  acid.  There  are  similsr  salts  with  Pb  and . 
of  Ba.  These  salte  belong  fo  the  amid<«en  adds  with 
radicals,  group  C,  page  227.  Compare  242  (in  that  page)  wi 
246  with  53. 

^4].  This  is  tlie  double  amidc^n  salt,  formed  from  the  ( 
neutral  citraconate  of  aniline.     Thus : 

ZH',CH';  CH'O'  _  ZH,CH*;CIPO  +  HHO 
ZIP.CrH';  CHO"  ~  ZH,CH';CH0  4-HH0, 
55I-  '^^'B  Bait  bears  the  same  relation  to  the  add  citraconate 
wnich   54]  bears  to  the  neutral  salt,  excepting  that  it  is  necei 
dnced  by  the  abstraction  of  only  one  atom  of  water.     Thus : 
ZH-.CTI' ;  CH-O"       ZH,CH' ;  C*H^  +  HHO 
H  ;  CH  O*  =  H  ;  C*H  0" 

5j]  belongs  to  the  aniljdogen-acids  with  compound  radicals, 
page  228.  The  salts  of  this  class  are  called  acids,  only  in  1 
with  Gerhardt's  law,  that  "  any  substance  is  an  acid  whici 
hydrcgen  capable  of  being  replaced  by  metals  by  double  decon 
56]  and  57].  These  are  merely  examples  of  salts  correspond 
unaginary  "add"  Bo.  55. 

58].  Z,C»H»,OB»  ;  C^O" 
59].  Z,CH',(?H'I  ;  CHO* 
60].  Z.CH'.CTPZ'j  CHO* 
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No.  58  is  an  *'  anile"  similar  to  those  described  in  Group  h),  page  224. 
No.  59  is  similar  to  58,  but  contains  iodic-phenyl  instead  of  normal 
phenyl.  No.  60  is  similar,  but  contains  zotenic-phenyl  instead  of 
normal  phenyl.  The  presence  of  two  atoms  of  azote  in  this  yice-radical 
causes  the  salt  No.  60  to  have  four  atoms  of  oxygen  more  than  the  cor- 
responding salts  Nos.  58  and  59.  See  the  account  of  the  iodic  and 
zotic  vice-radicals  at  page  132.  No.  58  is  derived  from  the  acid  dtn- 
conate  of  phenylam  by  the  abstraction  of  two  atoms  of  HHO.     Thus : 

ZH',C*H» ;  eiPO*  _  Z,C»IP,0»H» ;  (?H0» 
H  ;  C^H  0«  -  HHO  +  HHO. 

61].  This  salt  is  perfectly  equivalent  to  55,  excepting  that  it  contains 
zotenic-phenyl  instesd  of  nomud  phenyl,  and  consequently  has  four  addi- 
tional atoms  of  oxygen. 

62].  The  silver-salt  of  the  "acid"  61.  This  salt  is  equivalent  to 
57,  excepting  that,  like  its  acid,  it  contains  Z*  -f*  ^*  instead  of  H'  in  the 
phenylac. 

Ustud  names  of  these  aniline  compounds. — 54].  Diphenyl-itaconamide, 
or  diazoture  of  diphenyle  and  of  itaconyle  =  C*'H**N"0* 

f  CH^ 
=  N«  {  (CH»/ ; 
I      H« 

also  ItaconaniUde  =  C"H«(C"H»)«N«0*,  Gerkardt.  55].  PhenyUlaoo. 
namic,  or  IteconanUic  acid  =  C«H»NO«  =  C»'^H*(C*«H*)NO',  Gerhardt 
CitraconaniUc  acid  =  HO.C^H^^NO*  =  H0.C»«H*N,C»*H^3*,  FehUng. 
.  Phenyl-citraconimide ;  ciU^conanile  =  C"H»NO*  =  C'H^CC'H*) 
O*,  Gerhardt  59].  lodophenyl  -  citraconimide,  or  Citraconiodanik 
=  CWINO*  =  e«H*(r;'«H*I)NO*,  Gerhardt  60].  Dinitrophenyl- 
citraconimide  =  C'«H*(C'»ff(N07)N0*  =  C«H'(NO*)*NO*  = 
C*BJNH)'\  Gerhardt.     CitraconbinitranU 


NO 


=  C>*  {  ^^  I  N.C«H*0*,  FeMing. 


61].  Dinitrophenyl -citraconamic  acid  =  CTa»N"0**  =  C"^\X0*)W 
=  C^*H«(C'*H»(NO*)«)NO*,  Gerhardt. 

In  55  and  61,  we  have,  according  to  Gerhardt,  two  more  conjagafced 
acids;  for  which  assumptions  there  is,  as  usual,  neither  evidence  nor 
necessity. 

I  have  treated  these  complicated  compounds  (the  Citraconates)  very 
briefly,  because,  as  I  have  mentioned,  every  form  of  combination  which 
they  exhibit  has  repeatedly  come  under  our  consideration  in  the  preceding 
pages,  and  it  appears  to  be  useless  to  repeat  explanations  and  demoiH 
strations  with  which  the  reader  may  reasonably  be  supposed  to  be  by 
this  time  sufficiently  acquainted. 
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The  Succinic  Ghroup. 

I  have  saggested  at  page  8i  the  desirableness  of  classified  Tables  of 
compound  radicals,  which  should  exhibit  all  that  are  known,  and  indi- 
cate the  place  and  composition  of  such  as  are  unknown.  And  at  page 
79  I  have  given  a  Table  representing  the  radicals  which  constitute  the 
vinyl  series. 

In  that  Table  I  have  pointed  out  a  regular  series  of  Acid  radicals, 
which,  beginning  with  formyl  =  C'H*,  proceeds  by  the  addition  of 
atoms  of  vinyl  =  C*IP,  one  after  the  other,  to  form  the  series  C*H', 
C"H',  &c.,  up  to  Melissyl  =  C*H*,  at  which  point  we  reach  the  Hmit 
of  known  acid  radicals  of  this  series. 

In  the  same  Table  I  have  described  a  series  of  Basic  radicals,  which, 
beginning  with  hydrogen  H*,  proceeds  by  the  addition  of  atoms  of 
vinyl,  C*H',  one  after  the  other,  to  form  the  regular  series  CH*,  C*H*, 
&c,,  up  to  Myricyl  =  C*H**,  where  the  limit  of  basic  radicals  of  this 
series  hitherto  discovered  by  experiment  is  again  reached. 

In  the  same  manner,  I  now  proceed  to  describe  a  regular,  though 
only  a  short,  series  of  acid  radicals,  which  we  may  conceive  to  be  formed 
by  commencing  with  a  single  atom  of  carbon  =  C\  and  adding  to  it, 
one  by  one,  a  succession  of  atoms  of  vinyl  =  C*H'.  We  thus  produce 
a  series  of  acid  radicals,  which  are  all  necessarily  distinguished  by  having 
an  even  number  of  atoms  of  hydrogen,  in  which  respect  they  differ 
essentially  from  the  radicals  of  the  vinyl  series,  all  of  which  contain  an 
uneven  number  of  atoms  of  hydrogen : 

C  +    CIP  =  CiP  =  Succinyl. 
C  H-  2CH*  =  CH^  =  Adipyi. 
C  +  3CH«  =  C*H«  =  Suberyl. 
C  +  4CH*  =  C*H«  =  Sebarayl 

This  is  the  limit  of  the  series  as  far  as  it  is  known  at  present.     These 

radicals  produce  the  following  monobasic  acids,  each  with  two  atoms  of 

oxygen: 

Common  Names. 

H,C*IPO"  =  Hydra  succiuylete   .     .     Succinic  acid. 
H,C*H*0"  =  Hydra  adipylete      .     .     Adipic  acid. 
HjC^H'O"  =  Hydra  suberylete    .     .     Suberic  acid. 
H,C*H^  =  Hydra  sebamylete  .     .     Sebacic  acid 
These  acids,  and  all  their  salts,  have  the  faculty  of  forming  interme- 
diate double  salts,  and  thus  produce  the  following  series : 

Common  Names. 
( H,CiPO«  I  Hydra  snccinylete  cam    p^otartaric  acid 
tH,CH*0»f     hydra  adipylete.  i7«>tartanc  acid. 
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Common  Names. 


H,C»H*0")  Hydra  adipylete  cum 
H,C*H«0»f     hydra  suberylete. 

H,C*H«0*  1  Hydra  suberylete  cum 
H,C*H"0«  f     hydra  sebamy lete. 


Pimelic  acid, 
Anchoic  acid. 


These  seven  acids  are  commonly  assumed  to  be  Bibasic,  but,  making  a 
distinction  between  bibasic  salts  and  double  salts,  I  deny  that  there  is 
any  evidence  to  sustain  this  bibasic  character.  I  shall  show,  that  tiie 
first  four  acids  are  decidedly  monobasic,  that  the  last  three  are  doable 
acids,  which  act  precisely  as  if  each  contained  two  separate  acid  radicals, 
and  that  the  supposition  that  they  contain  special  bibasic  radicals  is 
erroneous. 

Before  I  proceed  to  the  examination  of  these  acids  individually,  I 
will  refer  to  the  relations  which  they  bear  to  certain  acids  of  the  vinyl 
series: 


H,C*H70»         +  0* 

-  H,HO  = 

=  H,C?H«0«  +  H,C*HK)» 

Butyric  add. 

Succinic  acid,  2  atoms* 

H,C*H*0»         +  0» 

-  H,HO  = 

=  H,CH«0»  +  H,C»H*0« 

Valerianic  acid. 

Pyrotartaric  acid,  r  atom« 

H,C«H"0«         +  0* 

-  H,HO  = 

=  H,C?'H*0«  +  H,Cra^ 

Caproic  acid. 

Adipic  acid,  2  atoms. 

H,(7H"^         +  0» 

-  H,HO  = 

s  H,CTiX)«  +  H,C*H*0« 

CEnanthylic  acid. 

Pimelic  acid,  i  atom. 

H,e»H"0«         +  0» 

-  H,HO  = 

=  H,C*H«0*  +  H,C*HK)» 

Caprylic  acid. 

Suberic  acid,  2  atoms. 

H,c»H^7o«      +  (y 

-  H,HO  = 

=  H,C*H«0«  +  H,C*H«0« 

Pelargonic  acid. 

• 

Anchoic  acid,  i  atom. 

H,C»»H^»0"         +  0" 

-  H,HO  = 

=  H,C*ff  0"  +  H,C»H«0' 

Rutic  acid. 

Sebacic  acid,  2  atoms. 

According  to  this  Table,  when  a  volatile  add  of  the  vinyl  series  is 
decomposed  by  3  atoms  of  oxygen,  one  atom  of  water  =  HHO  sepa- 
rates, and  the  residue  forms  two  complete  adds  of  the  sucdnic  gronp. 
Experiment  confirms  this  theoretical  view  in  frequent  cases;  the  adds 
with  an  even  number  of  atoms  of  hydrogen  being  oflen  produced  when 
the  acids  of  the  vinyl  series  are  heated  with  nitric  add.  So,  inversely, 
when  the  adds  of  the  sucdnic  group  are  heated  alone,  they  give  off 
carbonic  acid  =  CO*,  and  produce  volatile  acids  of  the  vinyl  group. 

The  succinic  group  of  adds  is  sometimes  called  the  oxalic  add  group, 
and  it  is  made  to  commence-  with  the  radical  C,  and  the  add  HfCX)"  == 
hydra  carbete  or  hydrated  oxalic  acid. 

Placing  that  acid  =  H,00*,  before  sucdnic  acid  =  H,(?H*0",  we 
might  expect  to  find  the  intermediate  double  add : — 


EXAUFLES  OF  THE  SUCCINIC  ORODP. 

I HO^^f^^*^  carbete  com  hydra  sncdnylele, 
but  no  bibasic  add  of  this  composition  has  hitbeito  been  obser 


Table  of  Examples  of  the  Succinic  Grouj: 


A,  The  Succinateb. 


H,(7H'0' 
CH'.CH'O' 
I  a(H  .CHW 
JCTI'.C'H'O' 

K,CITO« 
I  K,C?H'0' 
j    H.CTi'O* 

(3(H  jCHK)" 

ZH*,C"H*0* 

(  ZH',(?H'0" 

I     H.CH'O' 

Ag.CH'C 

C  H',CH*0» 

CH'.CH'O* 

I     K  .CH-C 

j  Mg  ,C*HHy 

Mg-.CHID* 


Hydra  sacdoylete. 

Succinyla  succinylite. 
IBis  hydra  aaccinylete  cum  sncciny 
I     succioylite. 

Potassa  BucciDylete. 
I  Potassa  sucdoylete  cum  hydra  sao 

)  Potassa  sncctnylete  trie  hydra  suo 
I      nylete. 

Ammona  succinyleb;. 
lAmmooa    sucdnylete    cnni    hyd 
I     succlnylete. 

Aigenta  Buccioylete. 

Methyla  soccinylete. 

Ethyla  succinylete. 

(Potasea  soccinylete  cum  magna  sd 
cinylete. 
Magnine  snccmylite. 


Azotic  Compounds  of  Group  A. 


ZH-.CffD  .     .     .  . 

ZH.CH' ;  CH-O  .  . 
JZH'.CH'Ol 

\   H.ffHKff    •     •  ■ 
|2H^CH^)^ 

iAg.cHK)»r  ■  •  • 

l2H,CH';  CH-O  1 

I            H ;  CTPCf  • 
JZH,CH»;CH*0i 

\         AgjCIPO'r  ■ 

ZH.CH';  CH'O"  . 

ZAg,CH»;  CffO"  . 

ZCH',CH* ;  CHV)*  . 
JZH"     ;  CHK)( 

tZHAg;  CTTOj     •  ■ 


Amida  succinylate. 

Fhenylac  succinylote. 
Hydra  amida  auccinylenite. 
Aigenta  amida  Huccinyleni 
Hydra  phenylac  succiuyleD 

Ai^enta  phenylac  succinyle 
Succinylac  sncdoylete. 
Argentic-sucduylac  succinj 
Succiayltc-phenylac  succinj 
Amida  succinylate  cum 
geutac  succinylate. 


1 


Plumba  suocinylete  cum  hjdiTt  succinjlete 
bis  plumba  sulphete. 
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Chlorine  Compounds  of  Group  A. 

24.  CTPjQO       ....  Succinyla  chlorate. 

25.  HjCCl'O'     .     •     .     .  Hydra  chlorenic-sucdnylete. 

26.  K,CK]!1*0*     ....  Potassa  chlorenic-sucdnylete. 

27.  C"C1»,C«CI'0"     ,     •     .  Chlorunic-ethyla  chlorenic^wc- 

clnylete. 

Stdpho-succinates. 

28.  ]tj'oqi  [Hydra  suocinylete  cum  hydra  sulphete. 
^9'  1 2rH'sO"^     [Succinyla  sucdnylite  bis  hydra  sulphete. 

I     TT  ptovvil  Ammona  succmylete  cum  hydra  succuiy- 
'  1 7(7  ¥1*  SO•^  I     ^^^  ^**  ammona  sulphete. 

I    TT  '(wtQt I  Potassa  sucdnylete  cum  hydra  sucdnylete 
I  2rK'sO''i    I     ^is  potassa  sulphete. 

f    Pb!c«HWl 
32.^    H,C»H«0« 
l2(Pb,S0«) 

^  '^Qt      [Hydra  sucdnylete  cum  potassa  sulphete. 
34*  \    pb  gO>      > Plumba  sucdnylete  cum  plumba  sulphete. 

/Q   cryi\    >Succmyia  succmybte  bis  calca  sulphete. 

-J  jC*HBa,C*H*0*)Barytic-succinyla  sucdnylite  bis  baiyta 
5°-|    2(Ba,S0«)    (     sulphete. 

B.  The  Adipates. 

37.  H,CJ'H*0»    .     .     .     Hvdra  adipylete. 

38.  Ca,CTI*0«    .     .     .     Cilca  adipylete. 

39.  Ag,C"H*0»    .     .     .     Argents  adipylete. 

40.  C"H*,C"H*0"    .     .     .     Ethyla  adipylete. 

C.  The  Suberates. 

41.  H  ,C*H*0"      .     .     ,     Hydra  suberylete. 

42.  ZH^jC^H'O"     ,     ,     ,     Ammona  suber}'lete. 

43.  AgjOHK)"     .     .     .     Argenta  subervlete. 

44.  Pb^,C*H«0*     .     .     ,     Plumba  suberylete. 

45«  i  ^^"»^^*^l  Plumbine  suberylite  cum 

I  Pb,C*H*0*|    •     •     •         plumba  suberylete. 
46.    CH»,OH«0»      .     .     .     Methyla  suberj'lete. 
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47-   CH'.CH'O'     .     .     . 

48.  ZH'.CH-O      .     .     . 

49.  ZH.CH'jCH-O      . 
,     ]ZH,CH',  CH-OI 
>°-\  H  ;  CH'Cf  • 
,      iZH,(?H»;CH'Oi 
''•(            AgiCH'O'f  ■ 


H.CTTO" 
K.CH'O* 
Ag  ,CRHy 

55.  CH',C»H"0» 

56.  CH'.CH'O* 

57.  ZH-.CH'O 
,„  JZH^C>H•01 

H.CH'O'f 
"H,H,CH' ;  CH-O* 


E.  The  Ptrc 

H  ,CH'0'\Hydi 
H  .CH'O'f  ffu- 
CH*,(?H'0'  Adip 
ZH'.CH'O'lAian 
ZH',CH*0*f  mc 
ZH'.CH'O'lAnjn 
H.CH-O'I  dn 
Bft.CffO'lBarj-i 
Ba.O'H'O'l'  siu 
Ba  .CH-O*!  Barjl 
H,CH*0*(  aiu 
Pb.CH'O'iPlum 
Pb.CH'Cf  ba 
Pb»,C?H'0'tPloni 
Pb.C'H'O'f  pli 
Pb*.CH*0')PluDi 
Pb'.CIPO'l'  pit 
CH',CH*0'(Meth 
C  H'.CH'O'f  thj 
C*K',CH'0'|Ethyl 
CH',t7H'0»f  sue 
Alc",CH*0'lAlini 
H'.CH'O'j'     am 
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fBic*  ,C?H*0»^Bisminic  adipylite  cum  bis- 
'      (BicBP,C"H'0*|     mic  hydren  saccinylite. 

{Uc*   ,C?II*0*lUriiiic    adipylite   cum  uric 
UcIP,C«H«0»f     hydren  succiuyUte. 

Azotic  Compounds  of  Group  E. 


74.  ZH,C»H* ;  CIPO*  .     . 

75.  Z,C»H*,CrH* ;  OWO' 

76.  Z,C»H*,C?'H*Z ;  C'H«0* 

^^  JZH,C*H*  ;  CmK)  \ 
""'t  H     ;  C«IPO«f 

„fl   IZH,CrH»    ;  (TE*Oi 

"^'t  Pb  ;C"irO*r 
^  JZH,C«H*Z;C»HK)»( 
79- 1  H;C*IPO«f 


Adipylac  succinylete. 

Adipylic-phenylac  succinylete* 

Adipylic-zotic-phenylac  suc- 
cinylote. 

Phenylac  adipylate  cum  hy- 
dra succinylete. 

Phenylac  adipylate  cum 
plumba  succinylete. 

Zotic-phenylac  adipylite  cum 
hydra  succinylete. 


80. 
81 


H,C*H«0»1 
H  ,C»H*0*f 
Ag,C*H«0»i 
lAg,0»H\)V 


g  (H,C»IPO«) 
°^-\H,C*H''0«' 
lAg,C*H-0« 
^3-  |Ag,C*H*0"r 
g^  IBa.C^HK)'! 
°+"  lBa,C*H«OM 
g.  fK,C*IPOM 
"5-\H,C*H«0M 


F.  The  Piuelates. 

Hydra  suberylete  cum  hydra  adipylete. 

.     Argenta  suberylete  cum  argenta  adipylete. 

G.  The  Anchoates. 

,     Hydra  sebamylete  cum  hydra  suberylete. 

,     Argenta  sebamylete  cum  argenta  suberylete. 
,     Baryta  sebamylete  cum  baryta  suberylete. 
,    Potassa  sebamylete  cum  hydra  suberylete. 


Investigation  of  the  Succinic  Group  of  Salts, 

The  Succinates,  Group  A.    Nos.  i  to  36. 

il.  H,C*H*0» Hydra  succinylete, 

2 J.  C*H«,C*HK)»      ....     Succinyla  succinylite, 
3  J,  2(H,C'HW)+C*H*,C?H«0»  Bis  hydra  succinylete  cum 

succinyla  succinylite. 

These  three  salts  represent  succinic  acid.     No.  i]  is  the  crystallised 
acid.     No.  2]  is  the  anhydrous  acid.     No.  3]  is  the  sublimed  add. 
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which  contains  two  atoms  of  the  hydrated  acid,  and  one  atom  of  the 
anhydride,  or  in  all,  four  atoms  of  the  radical  sUccinyl. 

Gerhardt  doubles  the  formula  of  succinic  acid,  and  calls  it  Bibasig  ; 
many  organic  chemists  imitate  him ;  but  the  practice  is  unnecessary,  and 
the  consequences  are  more  injurious  than  beneficial.  All  the  salts  can 
be  perfectly  well  accounted  for  on  the  supposition  that  succinyl  is  mono- 
basic, and  agrees  with  the  formula  CH'.  This  radical  has  no  atomic 
measure  in  gaseous  salts.     See  page  96. 


4].    K,C'H«0«  10]. 

i .  ZH*,C«H«0«  III. 

9].  Ag,C»H«0* 


CIP,(?H«0" 
CTi*,CWO«. 


These  five  salts  are  examples  of  neutral  monobasic  succinates. 

.  jK,C»H«0«        0-,  JZH*,C«H«0«         ,  .  J  K,C*H*0« 
5>\H,C«H«0*        °J-\  H,C?'IPO«         "J- tMg,C«IPO« 

These  are  examples  of  double  salts,  of  similar  constitution  to  the  double 
sulphates  (page  150)  and  double  oxalates  (page  179)* 

6\.  K,C?HK)«  +  3(H,C«H«0«). 

A  quadruple  salt,  equivalent  to  the  quadroxalate  of  potash  (page  179)* 

13].  Mg»,C«H«0»  =  Mg,C«H«0«  +  Mg,MgO. 

A  terbasic  succinate,  similar  in  structure  to  the  terbasic  phosphates  and 
other  salts  of  this  character,  which  have  been  frequently  explained  in  the 
preceding  pages. 

Svcdnates  with  Azotic  Radicals^  Nos.  14  to  23. 

The  salts  of  this  group  present  forms  of  combination  which  have  been 
so  frequently  quoted  and  criticised,  that  it  seems  to  be  scarcely  necessary 
to  go  through  their  investigation  individually.  No.  14]  is  Succinamide, 
derived  from  the  neutral  ammonium  salt  No.  7.  No.  1 5]  Succinanilide, 
corresponding  to  No.  14,  but  containing  phenylac  instead  of  normal 
amid.  16J.  Succinamic  acid.  See  No.  245,  page  227.  17].  A  salt 
of  the  acid  No.  16.  18].  Succinanilic  acid.  See  No.  250,  page  228. 
19].  A  salt  of  the  acid  No.  18.  20].  Succinimide;  see  No.  221,  page 
224.  21].  Succinimide,  in  which  H*  is  replaced  by  Ag*.  22].  Suc- 
cinanile;  No.  226,  page  225.  23].  A  double  atom  of  succinamide,  in 
which  one  of  the  atoms  of  ZH*  has  been  replaced  by  ZH  Ag.  The  salts 
of  this  group  have  been  thoroughly  investigated  in  the  Theory  of  the 
Azotic  Radicals,  particularly  between  pages  222  and  228. 

Chlorine  Compounds  of  Group  A,  Nos.  24  to  27. 

24].  The  oxychloride  of  succinyl.     25].  Succinic  acid,  in  which  all 
the-hydrc^n  of  the  acid  radical  is  replaced  by  chlorine.     26].  Potash 
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^t  of  the  chlorinated  acid  No.  25.  27].  Succinate  of  ethyl.  No.  1 1,  in 
which  all  the  hydrogen,  both  of  the  succinyl  and  the  ethyl,  is  replaced 
by  chlorine. 

Tlve  Sulphosuccinates,  Nos.  28  to  36. 

It  is  stated  in  most  chemical  works  that  the  sulpho-snccinates  cantain 
a  compound  acid,  the  sulpho-succinic  acid,  which  is  composed  of  sul- 
phuric acid  and  succinic  acid,  and  which  is  T£BBASia  Gerhardt's  for- 
mulae for  it  are  as  follow : 

C»H«S«0"  +  2  aq.  =  0»H«0»,2S0»  +  2  aq.  (Traitede  CfUmie,  ii.  470), 
and  C^H'SCy  =  0»  |^^(S0*)0'^  {Traite,  iv.  611).     Miller's  formula 

is  3HO,C"H'0*,2SO',  2  aq.  I  am  unable,  however,  to  find  any  evidence 
to  prove  the  existence  of  this  compound  or  conjugated  terbasic  add,  and 
it  appears  to  be  far  more  probable  that  the  salts  are  compounds  of  sacd- 
nates  with  sulphates,  sometimes  neutral  and  sometimes  with  excess  of 
acid.  The  formulae  Nos.  28  to  36,  are  framed  in  accordance  with  this 
opinion. 

28].  H,C*IPO«  +  H,SO*. 

A  double  salt  containing  one  atom  each  of  hydrated  succinic  acid  and 
hydrated  sulphmic  acid.  These  proportions  agree  with  Miller's  formula 
and  with  Gerhardt's  first  formula.  It  is  a  double  acid,  and  not  a  single 
bibasic  acid  with  a  compound  radical. 

29].  C'H«,C^H«0»  +  2(H,S0»). 

This  compound  agrees  with  Gerhardt's  second  formula.  It  is  the  acid 
which  is  assumed  to  be  formed  by  the  action  of  anhydrous  sulphuric 
acid  upon  hydrated  succinic  acid ;  thus : 

H,C*H»0»)  (C«H«,C«H«0» 

H,C«H«0»V   =»  I    H,SO» 
S,SO»      j         t    H,SO» 

The  acid  29]  is  equivalent  to  two  atoms  of  the  acid  28],  less  one  equi- 
valent of  HHO.  It  is  half  in  the  hydrated  condition,  and  half  in  the 
condition  of  anhydride. 

-,   J  H  ,C*H«0»  -f  ZH^SO«) 

3^J-  |ZH*,C»H*0«  +  ZH*,SO»f 

-,  J  H  ,C*H*0«  +    K  ,S0«1 

3^-J  \  K  ,C«H*0«  +    K,SO»j 

.  j  H,C«H»0«+  Pb,SO«l 
3^>  \  Pb,C*H»0*  4-  Pb,SO«( 

These  three  compounds  aflford  examples  of  the  salts  that  are  commonly 
called  terbasic  sulpho-succinates.     There  are,   indeed,   three  metallic 
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radicals  in  each  of  these  examples,  but  there  is  also  in  each  one  atom  of 
basic  hydrogen,  which  makes  the  salts  tetrabasic.  There  is  no  proof 
that  this  atom  of  hydrogen  forms  a  conjugated  acid  with  the  sulphur  and 
the  succinyl.  On  the  contrary,  the  salts  are  evidently  double  salts  of 
the  form  of  the  hydrated  acid  No.  28,  and  are  therefore  tetra-acid  as  well 
as  tetra-basic,  or,  in  other  words,  are  quadruple  salts. 

33].  H,CTI«0»  +  K,SO«. 

This  salt  is  produced  by  mixing  a  solution  of  No.  3 1  with  a  solution  of 
No.  28.  This  is  the  simplest  form  of  the  acid  salt  of  the  series.  It 
resembles  one-half  of  each  of  the  double  salts  Nos.  30,  31,  and  32. 

34].  Pb,C*IPO*  +  Pb,SO*. 

This  is  the  form  of  the  nmtrd  soli  of  the  series,  and  it  resembles  the 
second  half  of  each  salt  of  the  series  of  double  salts,  Nos.  30,  31,  32. 
That  is  to  say,  those  three  double  salts  result  from  the  combination  in 
pairs  of  salts  of  the  forms  shown  by  Nos.  33  and  34. 

When  the  salt  No.  34  is  dried,  it  loses  water,  and  falls  into  the  com- 
pound shown  by  the  following  formula : 

CTIPb,(7HPbO'  +  2(Pb,S0«),  FMng. 

In  this  case  the  radical  succinyl  C*H*  is  converted  into  the  metallic  vice- 
radical  PlumJbk-mocinyl  (?HPb. 

35].  C*H«,C«H«0"  +  2(Ca,S0«). 

This  compoimd  represents  the  semi-anhydride  No.  29,  with  its  basic 
hydrogen  replaced  by  calcium.  The  formula  represents  the  salt  after  it 
is  dried  at  21 2*^  F.  When  in  solution,  it  has  an  acid  reaction,  and  pro- 
bably has  then  the  constitution  represented  by  formula  33,  viz. : 
H,CfffO»  +  CaSO* ;  because 

iC»IP,C«HW  +  2(Ca,S0»)\  _   IH,C«H«0»  -f  CaSO'l 
I +H ,    H  O  f  "  tH,C?HK)"  +  CaSO*f 

36].  C»HBa,C?'H«0»  +  2(Ba,S0«). 

This  salt  contains  barytic-sucdnyl  CHBa.  The  formula  represents  the 
composition  of  the  salt  dried  at  212^  F.  If  dried  less,  so  as  to  contain 
HHO  more,  its  composition  would  be  equal  to  that  of  the  salt  32,  namely  : 

JH,C*H«0»4-  Ba,SO«l 
tBa,(?H^  4.  Ba,SO«.f 

No.   36  is  the  only  salt  of  the  series  which  warrants  the  common 
assaraption,  that  the  sulpho-sucdnates  contain  three  atoms  of  H  in  the 
acid,  and  three  atoms  of  H  replaceable  by  basic  radicals.    It  is,  never- 
theless, an  exceptional,  and  not  a  normal,  form  of  the  sulpho-succinates. 
There  is  a  remarkable  diversity  in  the  constitution  of  the  salts  of  this 
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acid,  arising  from  the  facility  with  which  it  gives  off  successive  quantittee 
of  HHO  during  the  process  of  drying ;  but,  notwithstanding  this  di- 
versity, we  perceive  nowhere  any  symptoms  of  the  existence  of  a  con- 
jugated acid  radical  composed  of  succinyl  and  sulphur.  I  conclude, 
therefore,  that  the  sulpho-succinates  are  double  salts  composed  of  sul- 
phates and  succinates,  combined  together,  either  in  their  normal  con- 
dition, or  in  various  states  of  dehydration. 

The  Adipates,    Group  B.    Nos.  37  to  40. 

Professor  Miller's  formula  for  adipic  acid  is  2H0,C**ITO^.  Cor- 
recting the  atomic  weights  of  C  and  O,  and  dividing  the  whole  formula 
by  2,  we  produce  H,CHH>",  which  agrees  with  No.  37.  No  com- 
pound of  adipic  acid  is  known,  which  warrants  the  doubling  of  the 
formula  to  make  the  monobasic  acid  appear  to  be  bibasic. 

The  Suberates.    Group  C.    Nos.  41  to  51. 

The  formula  commonly  given  to  suberic  acid  is  2H0,C'*H*'0',  whidi 
represents  it  to  be  bibasic.  Afler  correcting  the  weights  of  C  and  0,. 
and  reducing  the  formula  to  the  monobasic  form,  we  have  H,C*iro^, 
which  agrees  with  No.  41.  There  are  no  bibasic  suberates.  No.  45  is 
a  tetraljasic  salt  of  similar  structure  to  the  pyrophosphates.  The 
amidogen  salts  are  perfectly  regular,  and  prove  this  acid  to  be  moiM- 
basic.  No.  48  is  suberamid,  evidently  derived,  in  the  usual  way,  from 
the  neutral  ammonium  salt  No.  42  by  the  abstraction  of  HHO.  Na 
49  is  the  corresponding  anilide,  differing  from  No.  48,  only  by  the 
replacement  of  amidogen  ZH",  by  phenylac  ZH,C*H*.  Gerhardt's  names 
and  formula  for  this  salt  are  as  follow : — 

Diphenyl-suberamide,  or   j  r**H**X*0* 

suberaniHde.^  ^^       4    J  =  N*H*(C"H*)»(C»H«07 

Diazotiire  of  diphenyle     I  rr«H**0« 

and  of  subervle.  '  ' 


Trmte,  iv.  778.  I     H* 


By  comparing  these  four  formulae  with  No.  49  (ZH,CH* ;  C*H*0),  the 
reader  will  perceive  how  much  he  gains  in  knowledge  and  convenience 
by  doubling  the  formula  to  make  the  acid  bibasic,  and  how  much  by 
throwing  it  into  the  form  of  the  ammonia  type. 

No.  50  is  one  of  the  so-called  anilidogen  acids,  Gerhardt's  name  and 
foniiula  for  which  are  as  follow : — 

Phenvl-suberamic  or  f  C^H^NO* 

suberanilic  acid.  \  =  NH(C'*H*)(C»H"0«)K)1 

7VatV,  ii.  735.    t  HOf 
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Here  we  have  a  formula  on  the  model  of  water,  according  to  which  we 
are  required  to  believe  tliat  the  radical  nitrogen  =  N,  the  radical 
hydrc^en  s=  H,  the  radical  phenyl  =  C^H*,  two  atoms  of  the  radical 
suberyl,  each  =  C*H',  and  two  atoms  of  oxygen  =  O*,  are  all  com- 
pressed into  a  single  conjugated  radical  which  is  the  equivalent  of  one 
atom  of  hydrogen  s=  H^  Gracious  goodness,  how  these  organic 
chemists  speculate  upon  our  credulity ! 

Hofmann's  formula  for  No.  50  is  H,C"H«0* ;  C'«H«N,C»H«0«. 

5 1.  This  is  the  silver  salt  of  the  "  acid  "  No.  50. 

The  Sebates.    Group  D.    Nos,  52  to  59. 

The  common  formula  of  sebacic  acid  is  2H0,C"B[**0*.  After  cor- 
recting the  weights  of  C  and  O,  and  dividing  the  formula  by  2  to  bring 
it  down  to  the  monobasic  standard,  we  have  H,C*H'0*,  which  agrees 
with  No.  52.  All  the  salts,  Nos.  53  to  59,  agree  with  the  assumption 
that  sebacic  acid  is  monobasic.  In  Nos.  52  to  56,  the  quantity  of 
oicygeu  is  O".  In  the  rest,  it  differs.  No.  57  is  sebamide,  and  has, 
therefore,  only  one  atom  of  oxygen.  No.  58  is  sebamic  acid,  already 
qaoted  at  page  227.  It  possesses  O*.  No.  59  is  the  compound  of 
glycerine  and  sebacic  acid,  which  Berthelot  calls  sebacine,  I  have 
qaoted  it  at  No.  11,  page  374.  In  that  case,  I  have  represented  glycyl, 
aad  in  this  case  sebamyl,  as  the  acid  radical.  That  is  of  little  moment, 
as  these  radicals  are  nearly  equivalent  to  each  other.  The  salt  No.  59 
contains  4  atoms  of  oxygen,  namely  O*,  because  the  normal  glycylates 
^allylates?)  and  the  normal  sebates  both  require  that  quantity  of 
oxygen ;  O*  extra  because  the  salt  contains  an  acid  radical  acting  as  a 
basic  radical ;  and  an  additional  O'  because  the  salt  is  terbasic.  Conse- 
quently the  O*  are  essential.  Professor  Miller  gives  for  this  salt, 
Berthelot's  unitary  formula  of  0"H*0",  which  affords  a  good  example 
of  the  utter  worthlessness  of  unitary  formulae  in  organic  chemistry. 
These  gentlemen  have  the  help  of  the  theory,  that  sebacic  acid  is 
bibasic.  They  have  the  help  of  the  theory,  that  glycerine  is  teratomic, 
and  therefore  requires  three  acids,  or  three  atoms  of  acid,  to  neutralise 
it.  Yet,  with  these  helps,  they  cannot  get  beyond  a  unitar}'  formula  to 
describe  the  constitution  of  the  sebate  of  glycerine,  and  in  that  unitary 
formula  they  represent  as  many  ultimate  atoms  as  would  make  nearly 
three  atoms  of  sebacine  instead  of  one.  Even  after  correcting  the 
atomic  weights  of  C  and  O,  the  quantities  of  every  element  are  double 
what  they  ought  to  be.  In  that  way  only  is  it,  that  the  sebates  can  be 
made  to  appear  to  be  bibasic. 

The  Pyrotartkates.    Group  E.    Nos.  60  to  79. 

I  consider  a  pyrotartrate  to  contain  an  adipate  in  combination  with  a 
succinate.     Thus : — 
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No.    I  =  H,C»H«OM  _  TST    ^   jH,C«IPO« 
No.  37  =  H,(?H^f  ~  ^^'  ^^\H,C?H*0» 

The  pyrotartrates  are  truly  bibasic,  but  they  are  also  biacid.  They  con- 
tain two  basic  radicals ;  they  also  contain  two  add  radicals ;  and  these 
two  acid  radicals  are  succinyl  C'H*  and  adipyl  CH*,  There  is  no 
evidence  to  prove  that  these  salts  are  bibasic  with  a  single  acid  radical 
AH  the  facts  show,  that  two  acid  radicals  are  present  in  each  salt  The 
azotic  compounds,  Nos.  74  to  79,  are  intelligible  only  on  that  suppo^- 
tion.  I  consider  it  needless  to  examine  the  salts  individnally.  A 
glance  at  the  list  of  examples  instantly  supplies  abundant  evidence  of 
the  justness  of  these  assumptions.  Every  salt  contains  two  atoms  of 
basic  hydrogen,  which  may  be  replaced  together  or  separately.  If  both 
are  replaced,  we  have  a  neutral  salt,  Nos.  62,  64,  66,  69,  70.  If  <Mily 
one  is  replaced,  we  have  an  acid  salt,  Nos.  63  and  65. 

In  No.  61  we  have  the  pyrotartaric  anhydride.  Represented  as  con- 
sisting of  two  radicals  CH*  +  C*H"  -f  0",  this  salt  is  intelligible,  and 
the  formula  agrees  with  that  of  all  tiie  other  anhydrides ;  but  if  we 
represent  it  as  containing  only  one  radical  C*H'  +  O",  it  disagrees  with 
every  anhydride  that  has  been  spoken  of  in  the  preceding  pages,  and  we 
have,  Vvithout  necessity,  and  to  accomplish  no  good  end,  to  inaugorgle 
a  new  class  of  anhydrous  acids.  That  is  a  course  of  proceeding  which 
the  law  of  simplicity  forbids.  We  do  not  require  another  class  of 
anhydrides;  we  can  do  very  well  with  one  class;  and  the  evidence 
is  not  in  favour  of,  but  strongly  against,  the  existence  of  the  suppo&sed 
radical  C*H'.     I  therefore  adhere  to  formula  61. 

Terbasic  Pyrotartrates. — In  Nos.  67,  68,  71,  72,  and  73,  we 
have  examples  of  terbasic  salts.  The  usual  formulae  of  these  salts  are 
very  complicated,  but,  for  brevity  sake,  I  forbear  to  quote  them ;  parti- 
cularly as  a  discussion  upon  them  would  not  illustrate  the  particular 
point  which  is  now  under  consideration,  which  is,  the  biacid  nature  of 
the  pyrotartaric  acid.  In  each  of  these  terbasic  salts,  there  is  an 
addition  of  oxygen  corresponding  to  the  additional  quantity  of  basic 
radicals. 

Pyrotartrates  with  Amidogen  Bases. — The  salts,  Nos.  74  to  99, 
prove  decidedly,  that  pyrotartaric  acid- contains  two  acid  radicals.  Upon 
that  supposition,  these  six  salts  are  quite  regular.  Upon  the  suppo- 
sition that  only  one  acid  radical  is  present,  the  formulae  of  these  salts 
present  clumsy  improbabilities.  In  this  case  I  must  go  a  little  into 
detail. 

74].  zH,c»H*;  cmny. 

GorliJiidt's  name  and  formula  for  this  salt  are  as  follow :  Pvrotartrimide, 
or  azoture  of  pyrotartryl  and  of  hydrogen 

C^H^NO*  =  n|  ^'^^, 
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Of  course,  Gerhardt  considers  C*H'0*  to  be  the  equivalent  of  H',  and 
so  it  is;  not,  however,  because  H'  is  necessary  to  complete  an  am- 
monia, but  because  CH*  is  equal  to  H*,  and  CH*  is  equal  to  another 
H\  The  amldogen  salt,  No.  74,  is  derived  from  the  unknown  normal 
ammonium  salt  ZIP,(7H* ;  C*H«0».  There  is  0'  in  this  normal  salt, 
because  the  basic  radical  contains  an  acid  radical ;  otherwise  the  salt 
produced  by  the  add  radical  C*H*  would  require  only  0*.  Hence  the 
amidogen  saUt  No.  74  contains  O',  and  the  pyrotartaric  radical  is 
evidently  separable  into  the  acid  radical  CH'  and  the  radical  C*H^, 
which  forms  part  of  the  vice-amidog^i.  If  we  disr^ard  the  ammonia 
type,  and  write  the  salt  with  Gerhardt's  radicals,  thus :  ZH ;  C^H^O*, 
we  have  a  salt  with  an  imidogen  base,  the  existence  of  which  appears  to 
me  to  be  impossible,  for  reasons  which  I  have  assigned  in  the  article  on 
the  imidogens,  commencing  at  page  222. 

75].  Z,C»H*,OTa* ;  CffO*. 

Gerhard t's  phenyl-pyrotartrimide,  or  pyrotartranile  =  C'"H*(C**H') 
NO*  =  C"H»NO\ 

76].  Z,C»H*,0»H*Z ;  C*H«0*. 

Gerhardt's  nitrophenyl-pyrotartrimide,  or  pyrotartronitranile  =  C'®H' 
(C«H*NO*)NO*  =  C*'H»»N*0». 

77].  ZH,C*H» ;  C?H*0  +  H ;  C«H«0'. 

Gerhardt's  phenyl-pyrotartramic  acid,  or  pyrotartranilic  acid  =  C**H® 
(C«H*)Na'  =  C*H^"Na». 

78].  This  is  merely  the  lead-salt  of  the  "  acid,"  No.  77. 

79].  ZH,C"H*Z ;  C»HH)»  +  H ;  C?ffO». 

Gerhardt's  nitrophenyl-pyrotartramic  acid,  or  pyrotartronitranilic  acid 
=  C»^H»(C»«H^NO*)NO*  =  Cm'*N'0'\ 

What  do  Gerhardt's  formula  teach  us  in  regard  to  the  proximate 
constitution  of  these  amidogen  salts?  Absolutely  nothing.  On  the 
other  hand,  the  analysis  of  these  salts  on  the  principles  which  lead 
to  the  formulte  Nos.  74  to  79  afford  strong  proof  of  two  facts ;  ist,  that 
these  salts  contain  amidogens;  2ndly,  that  pyrotartaric  acid  contains 
two  acid  radicals,  one  of  which  forms  part  of  the  amidogen  contained 
in  each  salt.  It  is  important  to  notice  the  effects  that  would  be  pro- 
duced by  the  conversion  of  these  amidogen  salts  into  normal  ammonium 
salts : — 


74].  ZH»,C»H*;  CTEPO*.  ^.  ZH»,C'H» 

75].  ZH«,CH*,(rH*;  C*H«0».  ''-'"  H 


76. 


ZH«,C?H*,CH*Z ;  C*H«0*.  „qt   ZH",CH*Z 

78]-  H 


(7H*0«( 
C«H»0»( 
C"H*0*l 
C?H«0«| 


ij^^^v-V' •■.■ 
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The  componnds  marked  74,  75,  and  76,  are  all  saccinates.  But 
iionnal  saccinates  possess  only  O*.  In  74  and  75  we  find  O*  extra, 
because  of  the  presence  of  the  acid  radical  adipyl  in  the  conditi<Hi  of 
a  basic  radical.  In  75  to  78  we  have  phenyl  in  the  basic  radical,  but 
phenyl  does  not  carry  O'  extra  into  its  salts,  like  acid  radicals  proptf. 
In  76,  we  have  O*,  namely  O*  for  the  normal  succinate,  O'  for  the 
adipyl,  and  O*  for  the  nitrogen  snbstitated  for  hydrogen.  In  77  we 
have  an  acid  pyrotartrate  precisely  similar  to  No.  63,  and  oontainii^  the 
normal  quantity  of  oxygen.  In  the  parallel  salt,  78,  we  have  C  extra 
on  accomit  of  the  substituted  nitrogen.  Thus  we  can  account  for  evezr 
atom,  and  we  find  that  each  has  its  duty  to  do,  and  does  it. 

The  Pimelates.    Group  F»    Nos.  80  and  8i. 

The  Pimelates  are  composed  of  suberates  and  adipates,  combined 
atom  to  atom.  No.  80  shows  the  composition  of  hydrated  pimc^ 
acid,  and  No.  81,  that  of  its  neutral  salts. 

The  Anchoates.    Group  G.    Nos.  82  to  85. 

The  Anchoates  have  been  recently  discovered  by  Mr.  G.  B.  Buckton 
{Quarterly  Journal  Chemical  Society,  x.  166)  among  the  products 
obtained  by  treating  Chinese  wax  with  nitric  acid. 

According  to  Professor  Brodie,  Chinese  wax  contains  two  of  the 
superior  members  of  the  vinyl  series  of  radicals ;  its  composition  being 

C«1I»  C*rH*«0'  =  Ceryla  cerotylete. 

When  this  salt  is  heated  with  strong  nitric  acid,  it  splits  up  into  a 
variety  of  salts,  which  contain  radicals  both  of  the  vinyl  series  and 
of  the  succinic  series.  Since  the  radicals  of  the  vinyl  series  are  con- 
vertible into  radicals  of  the  succinic  series  by  oxidation  and  loss  of 
hydrogen,  while  the  radicals  of  the  succinic  series  are  convertible  into 
those  of  the  vinyl  series  by  loss  of  carbonic  acid, — see  page  442, — it  is 
of  course  to  be  expected  that,  when  any  salt  which  contains  a  complex 
member  of  the  vinyl  series  is  heated  with  nitric  acid,  various  memb«8 
of  both  series  of  radicals,  all  less  complex  in  structure  than  the  radical 
that  is  operated  upon,  will  appear  amongst  the  products  of  the  deocnn- 
position. 

Accordingly,  Mr.  Buckton  found  all  the  following  compoimds  in  the 
liquor  produced  by  the  operation  above  described : — 

Belonging  to  the  Succinic  Group,  Belonging  to  the  FtnyZ  Group. 
Anchoic  acid.  (Enanthylic  acid. 

Suberic  acid.  Butyric  acid. 

Pimelic  acid.  Caprylic  add. 

The  formulae  given  by  Mr.  Buckton  to  the  anchoates  are  as  follow :— 
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C"H"0"  »  Anchoic  acid. 

C"(H»Ag')0"  =  Anchoate  of  silver. 
He  con^ders  the  anchoic  add  to  be  a  new  and  pcculii 
but  tlie  only  evidence  produced  in  support  of  the  biba 
the  acid  potash  salt,  No,  85  ;  which,  to  mj  miod,  is  no 
since  this  compound  may  be  explained  as  a  double  sa 
neutral  sebate  of  potash  and  hydraled  suberic  acid.  ^ 
dogen  salts  of  this  "acid"  come  to  be  exaroioed,  they  v 
found  to  be  analogous  in  constitution  to  those  of  the  pyr 

In  conclnslon,  I  assume  it  to  be  proved,  that  all  the  1 
ciaic  group,  like  those  of  the  malic  and  citric  groups,  c 
with  precision  as  Monobasic  Salts;  and  that  there  is 
justify  the  assumption  that  they  are  BiBiaiC.  In  the  £ 
of  the  existence  of  bibasic  chaiactere,  the  law  of  simplici 
8ted&at  adherence  to  the  Monobasic  Theory. 


The  Salicylic  Group. 

The  Salicylates  appear  to  me  to  be  formed  on  the  iTi( 
bonates,  and  they  are  consequent!)*  BiBASIC  in  the  sam 
that  the  carbonates  are  bibasic.     Thus : 

MO  +  MO  +  C      O  =  M,M ;  C      0»  =  Ca] 
MO  +  MO  +  C7H*0  =  M,M ;  CTH'O'  =  Sal 

There  is  no  known  salt  which  bears  to  the  salicylates  t 
the  oxalates  bear  to  the  carbonatea,  namely,  a  salt  < 
MO  +  CTH-O  =1  M.CTi'O*.  The  salts  that  are  now . 
have  the  formula  M,(7H'0*,  which  resembles  that  of 
They  are  monobasic,  and  the  radical  <?H'  does  not  bel< 
cylic  group.  I  propose  to  call  that  radical  spiryl,  1 
add,  or  the  hydride  of  sahcyl,  the  essential  oil  prepared  ( 
of  tiie  meadow-sweet  (Spiraa  ulmam),  will  be  H,(T 
spirylete. 

It  is  possible  that  salicyl  =  (7H*,  may  be  hereafter  < 
a  doable  radical ;  but  I  have  at  present  no  evidence  of  sc 
and  therefore  I  admit  it  to  be  a  single  radical,  having  tb 
duce  salts  with  two  basic  radicals,  in  the  manner  of  the  1 
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Examples  of  Salts  that  contain  Salicyl. 
A.  Normal  Salicylates. 


I.  H 

'f 

3- 

4.  Ba 

5.  Pb 

6.  Cac 

7.  H 

8.  H 

9.  H 

0.  H 

1.  H 

2.  K 

3.  Ba 

4.  H 

5.  Ba 

6.  Ag 

7.  K 

8.  CIP 

9.  C«H» 

20.  C*H»» 

21.  H 

22.  C^IP 

23.  H 


H 
H 


Ba 

Pb 

Cue 

Ba 

Pb 

Cue 

ZH* 

ZIP 

Cue 

Cue 

CIP 

CH» 

CH» 

CIP 

CIP 

CEP 

CIP 

CTH* 
C*H 


11 


cn*o* , 

C'H^O'  . 

c^*o» . 

C'H'O*  . 

C^H\)»  . 
C^HK)»  . 

CTHHy  , 


Hydra  hydra  salicylite. 
Hydra  hydra  salicylite  cam 

salicylete. 
Salicylete. 

« 

Baryta  baryta  salicylite. 
Plumba  plumba  salicylite. 
Cupric  cuprlc  salicylite. 
Hydra  baryta  salicylite. 
Hydra  plumba  salicylite. 
Hydra  cupric  salicyUte. 
Hydra  ammoua  salicylite. 
Hydra  amida  salicylite. 
Potassa  cupric  salicylite. 
Baryta  cupric  salicylite. 
Hydra  methyla  salicylite. 
Baryta  methyla  salicylite. 
Argenta  methyla  salicyUte. 
Potassa  methyla  salicylite. 
Methyla  methyla  salicylite. 
Ethyla  methyla  salicylite. 
Amy  la  methyla  salicylite. 
Hydra  ethyla  salicylite. 
Ethyla  ethyla  salicylite. 
Hydra  amyla  salicylite. 


B.  Salicylates  in  which  Acid' Radicals  act  as  BAsia 


25- 

26. 

28. 
29. 
30. 

3'- 


H 

;CIP  ; 

CH«  ; 

;  C**H"  ; 

CH"  i 

;  CIP; 

H 

;C7W  ; 

CH»  i 

\(7W  ; 

C«H*  3 

;CH»  ; 

CH"; 

(7W  ; 

H;  ZT 

I,(JH^  ; 

C^^ 

c^^ 

CH^O* 

c^*o* 

C'HW 


Hydra  aoetyla  salicylote. 
Methyla  cumyla  salicylote. 
Methyla  succinyla  salicylote. 
Hydia  benzyla  salicylote. 
Methyla  benzyla  salicylote. 
Ethyla  benzyla  salicylote. 
Amyla  benzyla  salicylote. 
Hydra  benzylae  salicylite. 


C.   HiPPURATES. 

32.  H      ;  ZH,C"IP;  C^^    .     Hydra  glycolac  salicylite. 


33.  Ag    ;  ZH,C»H»;  C^*0* 

34.  ZH*  ;  ZH,CH« ;  C7E*G' 


Argenta  glycolac  salicylite. 
Ammona  glycolac  salicylite. 


EXAUPLES  OF  SALTS  THAT  COKTA] 

,  JZH*  ;  ZH,C£P;  (TH'm  Ammor 

"■\   H    ;ZH,CH'i(7H'0'r  cumh 

36.  CH';ZH,C?'H';CTI'0'   .  Ethyla' 

37.  H      ;  ZH,C"H' ;  CTPZO*  Hjdra  g 

38.  Ag    ;  ZH.CH*;  (TH'ZO'  Argents 

lute. 

D.  Bknzo-Glycollate 

39.  H    jCWjCHty.     .     .     Hydre) 

40.  Ag;0'H';CH'0'.      .     .     Ai^ntf 

41.  Ba  jCTi'jaHiy.     .     .     Baryta  I 

E.  Benzo-Lactates. 
43.  H  ;  CIP;  Cm*0*.  .  .  Hydra  1 
43.   Ag;C?H»;(7H'0*.      .      .     Hydra  i 

F,  Masdelates,  or  Foemo-Ben 


44. 

H 

jCff 

(TH'O".    . 

Hydra  m 

45- 

46. 

Ba 

;CH' 
,  CH* 

C?H'0'.     . 
(TH'O*.     . 

Baryta  ni 
Argeiita: 

G.    SaUCTLATES,  OONTAINIIIG 

B&OUIC  AN 

47- 
48. 
49 
50 
5' 

H; 
H; 
H; 
H; 
H; 

H 
H 
H 

H     " 
CH- 

CTH'aO'    . 
CH'SrC    . 
CH'Br'O'    . 
(THBr^)*    . 

(TH'ao*  . 

.     Hydren 
.     Hydren 
.     Hydren 
.     Hydren 
.     Hydra  1 

.     Hydra  ( 

5a 

H; 

CTI* 

CTI*Bi*0»    . 

cyliu 

B 

.  Salictlates,  coktadhhh  Azt 

53 
54 
55 

H 
H 
H 

H 
H 
H 

,  CTH'ZO*    . 
iCTIZ-O*    . 

.     Hydren 
.     Hydren 

56 

57 

H 
H 

ZH* 
ZH* 

[CTPZO*    . 
;CH"ZO*    . 

.     Hydra  B 
.     HydlSf 

59 

H 

Pb 

jCH'ZO*    . 

.     Hydra, 

59 

Pb 

Pb 

;  CH»Z  C    . 

.     Plumba 

60 

,Pb 

Pb 
Pb 

,  (TH-ZO*! 
CTPZO'f  ■ 

Hydra) 
cylati 

6i 

H 

C"H' 

CTJ'ZC    . 

.     Hydra  ( 

6a 

H 

;Ba 

;  cii'ZKy  . 

.     Hydrel 

6J 

Ba 

;Ba 

■.aH^ZHy  . 

.     Earytal 
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64.  H    ;  CH» ;  (7BPZKF    .     .     Hydra  methyla  zotenic^licy- 

l6Z6 

65.  ZH*;  CH»;  (7H«Z«(y    .     .     Ammona  methyla  zotenic- 

salicyleze. 

66.  H    ;  CH» ;  (7H  ZHy    .     .     Hydra  methyla  zotinic-sali- 

cyloze. 


Investigation  of  the  Salts  of  SalicyL 

Group  A.    Normal  Salicylates. 

i].  H;  H;  C7H^.     2].j^'  ^'  ^JJl^j.     3].  (7H^«. 

No.  I  is  the  hydrated  sah'cylic  acid.  No.  2  the  aohydrous  salicylic  add, 
and  No.  3  is  salicylid.  The  two  latter  are  produced  by  actisg  on  sali- 
cylate of  soda  by  oxy chloride  of  phosphorus.     Thus : 

H;Na;CHX>»|        (NaPO» 
H ;  Na ;  (7H^0»I        J NaCl  +  NaCl  +  HCl 
H;Na;  CRHy!  =  1 H ;  H ;  (7H^  +  (7H-0«  =  No.  2. 
+     CITO      J        ((7H*0«  =Na3. 

The  term  "  anhydrous  "  acid  was  given  to  No.  2  by  Gerhardt,  on  the 
presumption  that  the  radical  salicyl  was  CH',  a  constitution  which  is 
incompatible  with  the  &ct  that  the  salicylates  are  bibasic.  No.  3  is  the 
true  anhydrous  salicylic  acid,  just  as  CO"  is  the  anhydrous  carbonic  add. 
Nos.  4]  to  23],  with  the  exception  of  No.  11],  present  examples  of 
normal  salicylates,  neutral  and  sicid,  the  whole  of  which  are  so  r^olar 
that  they  scarcely  demand  explanation.  A  very  few  words  will  suffice. 
No.  1 1  is  the  salicylamid  derived  from  the  ammonium  salt  No.  10. 
No  14  is  the  oil  of  winter-green,  gaultheric  acid,  hydrate  of  tnethyl- 
salicyle,  salicylate  of  methyl,  methyl-salicylic  add,  or  methyl-^piroylic 
acid,  for  it  has  all  these  names,  and  more.  Nos.  1 5  to  20  are  salts  of 
the  methylsalicylic  add.  No.  2 1  is  ethylsalicylic  acid,  and  No«  23  is 
amylsalicylic  acid.  There  is,  of  course,  not  the  least  necessity  to  treat 
these  salts  as  conjugated  adds.  An  inspection  of  the  Table  shows  that 
they  are  all  regular  bibasic  salicylates,  and  that  the  salts  from  Na  4  to 
1 3  have  the  same  right  to  be  elevated  to  the  rank  of  conjugated  adds  as 
the  salts  from  Nos.  14  to  23. 

Group  B.    Salicylates  which  contain  Acid  Radicals  in  theib 

Bases. 

The  salts  from  No.  24  to  30,  all  contain  an  add  radical  acting  as  ooe 
of  their  basic  radicals,  and  consequently  every  one  of  them  possess^  an 


INVESTIGATION  OP  THE  SALTS  OF  SALICYL.  459 

additional  atom  of  oxygen,  in  accordance  with  the  observation  which  I 
have  recorded  at  page  376.  In  other  respects,  these  salts  resemble 
normal  salicylates.  In  ]^o.  31,  the  amidogen  salt  is  deficient  of  OS  be- 
cause it  is  an  amidogen  salt.  If  it  were  completed  to  an  ammonium  salt, 
the  C  wotdd  have  O*  like  tlie  other  salts  in  Group  B.  Gerhardt's 
names  for  this  group  of  salts  are  as  follows:  24,  Anhydrous  aceto- 
salicylic  acid,  acetate  of  salicyl,  or  salicylate  of  acetyl.  25,  Cuminate  of 
methylo-salicyl,  or  oxide  of  cumyl  and  methylo-salicyl ;  formula 


2 6,  Succinate  of  methylo-salicyl,  or  oxide  of  succinyl  and  methylo- 
salicyl 

(7H*(CH-)CA  o 
=  (7H*(CH»)0*/ ^• 
C*H*0«,0 

In  this  formula  everything  is  doubled,  in  order  to  make  succinyl  appear 
to  be  a  bibasic  radical. 

37 »  Anhydrous  benzosalicylic  acid,  benzoate  of  salicyl,  or  salicylate  of 
benzoile.  28,  Benzoate  of  methylo-sahcyl,  or  oxide  of  benzoyl  and 
methylo-salicyl.  29,  Benzoate  of  ethylo-saUcyl,  or  oxide  of  benzoyl  and 
ethylo-salicyl.     30,  Benzoate  of  amy lo-salicyl.     j  i ,  Benzoylsalicylamid. 

Gerhardt's  formulae  show  that  he  considered  the  salicyl  radical  to  be 
(7H^  and  that  he  assumed  that  it  had  the  power  of  exchanging  H*  for  a 
complete  hydrocarbon.  It  appears  to  me,  that  that  assumption  is  erro- 
neous and  hazardous.  The  hydrogen  in  amidogens  and  ammoniums  can 
be  exchanged  for  complete  radicals,  bul  I  do  not  believe  that,  in  any 
case,  the  hydrogen  of  a  hydrocarbon  can  be  replaced  by  another  complete 
hydrocarbon.  If  such  substitutions  could  occur,  the  individuality  of  all 
compound  radicals,  and  consequently  the  power  to  identify  them,  would 
speedily  be  lost.  In  Gerhard t's  formulae  for  No.  26,  we  perceive  that 
he  places  oxygen  in  five  different  situations,  a  pretty  wide  scattering  of 
one  element  in  one  salt,  to  be  advocated  by  the  great  champion  of 
unitary  formulae. 

The  Conjugated  Benzoates.     Groups  C  to  F. 

The  salts  constituting  Groups  C  to  F,  Nos.  32  to  46,  are  usually  re- 
presented as  salts  of  conjugated  acids,  containing  benzyl  as  one  of  their 
negative  elements.  I  refer  them  in  preference  to  the  salicylic  group,  for 
the  following  reasons : — 

1.  They  are  not  conjugated  salts,  but  merely  bibasic  salts,  and  their 
quantum  of  hydrogen  agrees  with  that  of  salicyl  and  not  with  that  of 
benzyl. 

2.  The  quantity  of  oxygen  contained  in  each  salt  agrees  with  that 
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i^sBoiy  to  conatJtute  a  salicjlate,  and  not  with  that  which 
complete  a  beuzoale. 

far  as  regardit  the  properties  of  the  salts,  and  the  products  ctf 
position,  they  may  be  as  pioperly  referred  to  the  ralicyUc  u 
lie  group. 

over  the  relationship  of  the  radicals  which  are  depicted  in 
will  satisfy  the  reader  that  these  reasons  are  fwcible. 

Ustial  Names  of  the  Salts. 
'RATES.  32,  Hippuric  acid,  35,  Hippnrate  of  «lver.  34, 
fammonia.  35,  Acid  bippurateof anunania.  jfi.Hippotic 
Nitrohtppnric  acid.  38,  the  silver  salt  of  the  acid  Na  37. 
from  quoting  the  common  formnlte,  because  I  have  so  fre- 
ussed  the  merits  and  demerits  of  all  kinds  of  formulte,  that 
^tions  are  needless,  unless  peculiar  points  require  eluddauoo. 
DOLTCOLLATES.  39,  the  benzoglycollic  acids.  40,  its  silver 
s  barinra  salt. 

JLACTATES.     42,  the  bensolacUc  add.     43,  its  silver  salt 
lELATis.     44,  the  mandelic  acid.     45,  its  barium  salt.    46, 
t.    The  muidelates,  44,  45,  46,  are  isomeric  with  the  ganl- 

t,  tj,  16 — just  as  the  hydride  of  salicyl  is  isomeric  widi 
,  both  =  H,CHK)*.  I  do  not  know  whether  they  are 
ell  as  isom^c. 

ill  a  long  chapter  with  an  inquiry  into  the  merits  of  the  dif- 
ies  that  have  been  suggested  to  explun  the  constitution  of 
lasses  of  salts.  But  if  the  reader  will  kindly  look  into  the 
works  of  Gerhaidt,  Gmelin,  &c.,  and  compare  the  various 
be  finds  there  with  that  which  is  now  preseoted  to  hnn,  be 
I  difficulty  in  determining  on  which  ^de  there  is  simphdty 
lity  of  truth. 


nothing  in  these  salts  that  requires  particular  explanaticn. 
y  of  oxygen  is  the  same  as  tliat  which  is  required  to  coni- 
i  salicylates,  because  the  bromic  and  chloric  vice-radicals  t^ 
naotity  of  ozyg^  to  fonn  salts  as  do  the  corresponding 


CoKjuoATED  Salicylates,  costainino  Azotio-Saucyu 
Is  di^  from  normal  salicylates  only  by  containing  zotic- 
d  of  normal  salicyl,  and  an  increase  in  the  quantity  of  oxygdi 
,  at  the  rate  of  0^  for  every  Z'  which  goes  into  the  acid 


1 


The  Tartrates. 

The  atomic  weights  represented  by  the  symbols  given 
ing  Table  are  stated  at  page  38. 

Group  A.    Tartaric  Acid. 
I.  H,CH'0' 

a.     (m\        CH*(y 

tH,CH'0'  +  H,{?H"0' 
3-  \     CH",  CH-CF 

Geodp  B.    Nobmal,  Nedtral,  or  Monobasic  Tai 


4- 

K    .CTPO- 

8.  Ag.COTO- 

13.  Fee 

5- 

N«  .CTH-O- 

9.  Pb  .CH-O- 

11.  ZHBf 

S. 

ZH'.CH'O" 

10.  CucCH-O- 

it  CH- 

7- 

Ca  ,CiPO" 

11.  Sn  .C^H'C 

13.  era- 

GBOttp  C.    Tekbasig  Tartrates. 

16.  Sb(*,Ciro*        1         18.  ffBicCITO 

17.  Uc»  ,CH'0*        I         19.  H'Nd.CH'O 

Group  D.    Acid  Taktrates. 
20.  K.CWO*  +  H.CH'O"       1        21.  ZH'.CHVh 
Group  E.    Ahidooeh  Salts. 
22.    ZH-.CBPO"       ....     Amida  tartrylete. 
=3- 1  =H;  ZHV  CCH')'0'         [Hydra amida  tartr 
^4-i_c'H';Zff;((?H')'0'    JEthylaamida  tarti 
Group  F.    Double  Tartrates. 

25.  K.CH'O'  +  Na  .CHK)"    |     28.  Na,C'H*0'4-] 

26.  K,CH*O'  +  ZH*,CH'0»  39.  Na,CH'0'  +  : 
37.  K.CH'O'  +  Cuc.CirO'     I     30.  Na.CH'0'  +  ] 

Group  G.    Conjoqated  Tartrates. 


31.  CH',C?H'0'+H,C?H'0' 

'12.  C  HSCH-O*  +  K,C'H*0* 

'33.  CH'.C'HK)' +  H.CH'O" 

34.  CH»,CH'0'  +  K.CH'O" 


35.  CTI'.CHK)'- 

36.  CHSCWO*- 

37.  eH",(?H'0*- 

38.  CH",CH'0'- 
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39.  Na  ,C«IPO» 
do.  H    ,CIPO» 

41.  Na  ,C«H«0» 

42.  ZH*,C*H*0» 

43.  K    ,C«H«0» 

44.  Ba  ,C«H«0» 

45.  Ag  ,C*H«0- 

46.  Pb  ,C«H«0» 

47.  ZH*,C«H'0» 


Group  H,    Tetrabasic 

,8. 


+  H»  ,C»IPO* 
+  Sbc',C«H«0* 
+  Sbc»,C«H*0* 
+  Sbc»,CITO* 
+  Sbc»,C*H«0* 
+  Sbc»,C«IP()* 
+  Sbc«,C«H*0* 
+  Sbc»,C*H«0* 
+  Asc»,CTa[*0* 


9- 
o. 

r. 

2. 

3- 

4- 

5- 

6. 


Tartrates. 

K  ,CTTO'-f 
ZH*,C'HK)»  + 
H  ,C'H'0*  + 
H    ,C*H«0»4- 

Na  .C^IPO"  + 
K    ,C"H»0'H- 

H  ,C«H«0«4- 
K    ,C*H«0»  + 


Fec^,C«iro* 

Fec»,C*H*0* 

HFec«,C«ffO* 

Cre.CTPO* 

Cre»,C»H"0* 

Cuc»,(?H«0* 

B«,CTa-0' 

U',C*H*0* 


Group  I,    Double  Tartrates,  containing  Vice-Tartrytjs, 

57.  H  ,C«HSbcO»  +  Sbc  ,C*HSbcO" 

58.  K  ,C»HSbcO»  -h  Sbc  ,C«HSbcO» 

59.  Ba  ,C«HSbcO'  +  Sbc  .CHSbcO* 

60.  Ag,C«HSbcO'  +  Sbc  ,C"HSbcO» 

61.  Pb,C«HSbcO»  +  Sbc,C«HSbcO' 

62.  K  ,C«HBicO»4.Bic  ,C«HBicO» 

63.  K  ,C«HB    (y  +  B     ,CHB   O* 


Group  K.    Complex  Tartrates. 


64. 
65. 

66. 


I 


67. 


68. 

69. 
70. 

7'- 
72. 
73- 


{ 


IP,C«H«  O*  + 

IP,C«H«  O*  + 

Sbc  ,C?H«  0»  + 

Sbc  ,C«H«  0»  -h 

K  ,C«H«  0»  4- 

H  ,C*H«  0»  + 

or  else — 

H  ,C'U^  O"  4- 

K  ,C'H«  0»  4- 

K  ,C"H«  0»  4- 

K  ,CH»  0»  + 

K  ,C*H«  0>  4. 

K  ,C*H*  0»  4- 

KH*,C*H«  O^  4- 

K     .CIP  0»  4- 

Sbc  ,C*H  SbcO»  4- 

Sbc»,C*H«  O*  4- 

Sbc  ,C*H  SbcO»  '4- 

BaH«,C«H«  O*  4. 

Sbc^H*,C«H*  0»  4- 


Sbc",C*H« 
H',C«H" 
Sbc»,C«H« 
Sbc,C«H« 
Sbc«,C*H« 


0»f 


o* 


Sbc«,C*H« 

H,C«H« 
Slx:*,C«H« 

H,C«H« 

H  ,C*H« 

Sbc",C*H« 

Sbc»,C«H« 

Sbc»,C*H  SbcO* 
Uc',C'H*  O* 
Uc^C*H  SbcO* 

SlicSC'H*      O* 

Sbc»,C*H«      O* 
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Group  L.     Akilides  op  Tartaric  Aci 

74-  ZH      ,CH';(?H'0'   .  .  Phenylac  tartrv' 

.     i  ZH      ,CH*  i  miSy  I  Phenylac  tartn 

'>\                H  ;  CH'O-f  •  •  bydra  tortryl 

„,  iZH      ,CR';  CH'CI  Phenylac  tartrj 

'°i                BasCH'Cr  '  baryta  tartry 

IZH      ,CH';  CH'O'i  Phenvlac  taitrj 

''i                Ag;  <7H»0'f  •  ■  argenta  tartr 

78.  Z.CH',CH';CITO*  .  .  Tartrylic-pheii 
trylote. 

The  constitution  of  Tahtbtl,  the  radical  of  Tartarii 
Its  salts  arc  monobasic,  but  tbey  combine  with  one  aoi 
variety.  The  classification  in  the  Table  is  intended  to 
cipol  forms  of  the  compound  salts  which  are  thus  produ 

A  peculiarity  of  tartaric  acid  is,  that  it  not  only  give 
which  resemble  the  salts  of  monobasic  acida,  usually  sc 
the  acetiites ;  but  also  to  the  acid  salts  and  double  sail 
to'ise  the  acids  that  are  commonly  called  bibasic,  such 
and  oxalate ;  and,  finally,  to  a  third  scries,  which  iDC 
different  forms  of  salts  tliat  so  remarkably  distinguish  th 

Thus,  in  Groiip  B,  we  have  a  series  of  monobasic  salt 
acid  double  italta;  in  Group  F,  neutral  double  salts;  i 
peraeive  terbasic  salts,  formed  Uke  the  ttu:basic  phos] 
Group  U,  we  find  combinations  of  monobasic  salts  wit 
afibnling  compounds  that  are  precisely  similar  in  cou: 
I'ibasic  pyrophosphates. 

The  variety  which  exists  among  the  tartrates  is  still  f 
by  the  circumstance  tliat,  under  the  action  of  beat,  th 
can  eichange  one  atom  ftlie  half)  of  its  hydrogen,  for  a 
acidifiaWe  metal,  and  thus  produce  a  vice-radical,  wl 
power  of  forming  salts.  Among  the  vice-tartiyla  th 
may  cite  atibic-tartryl,  arsanic-tartryl,  ferric-tartryl, 
bismic-tartT}'l,  uranic* tartry i,  and  boric-tartryl.  Examp 
of  these  vice-radicals  are  quot«l  in  Groups  I  and  K. 

A  knowledge  of  these  particulars  enables  us  to  comp 
stjbition  of  the  tartrates,  which  would  otherwise  appi 
little  perplexing.  I  shall  briefly  run  over  the  list  of 
(juote  the  common  names  of  the  leading  salts.  A  parti 
the  whole  of  them  may  be  seen  in  the  Traiti  de  Chin 
and  the  Handbook  of  Chemistry  of  Gmelin. 

Grodp  A.  Tartaric  Acid. — i].  Crystallised  tart* 
formula  given  by  Gerhardt  is  CH*0".  Gmelin's  fonn 
and  CTH'O'.O",     Those  formula  represent  tlie  acid  as  b 
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assame  the  atomic  weight  of  C  to  be  6,  and  that  of  O  to  be  8.  As 
these  formiilee  of  the  acid  are  so  much  more  complicated  than  that 
which  is  given  in  No.  i ,  it  may  be  inferred  that  the  formula  that  are 
given  by  the  same  chemists  to  the  various  tartrates,  are  also  more  com- 
plicated and  cumbersome  than  those  that  are  given  in  the  above  Table. 
That  is  actually  the  case ;  but  I  shall  forbear  the  quotation  of  them, 
because  they  present  no  particularly  novel  points,  and  I  have  already 
sufficiently  discussed  the  ordinaiy  character  of  organic  formulae. 
2].  The  tartaric  acid  anhydride.  3]*  A  combination  of  the  anhydride 
with  two  atoms  of  the  hydrated  acid.  This  compound  is  usually  called 
tartrelic  acid.  A  similar  compound,  containing  one  atom  of  the  anhy- 
dride with  six  atoms  of  the  hvdrated  acid,  has  been  called  tartrate  odd, 
I  mention  these  particulars  to  show  that  various  combinations  are 
formed  by  hydrated  and  anhydrous  tartaric  acid,  and  that  chemists  are 
in  the  habit  of  describing  such  compomids  as  new  acids.  It  may  be 
doubted  whether  that  practice  is  judicious.  If  you  apply  heat  to  a 
numb^  of  atoms  of  hydrated  tartaric  acid,  or  of  any  tartrate,  you  can, 
according  to  the  degree  of  heat  applied,  and  to  ^e  duration  of  its  appli- 
cation, drive  off  more  or  less  HHO,  and  consequently  more  or  less 
change  the  constitution  of  the  substance  so  exposed  to  heat.  When  the 
crystallised  acid  is  so  treated,  the  product  may  be  a  mere  mixture  of 

a7H,C«H*a»  +  a:C*H«,C*H«0* 

and  is  not  necessarily  a  new  acid.  When  a  salt  is  so  treated,  it  passes 
from  one  class  to  another  class  of  the  salts  described  in  the  foregoing 
Table,  and  seems  to  become  a  new  salt,  yet — when  the  dried  salt  is  ex- 
posed to  the  action  of  water,  it  recovers  ts  original  condition. 


Group  B.  Normal^  Neutrdlf  or  Monobasic  Tartrates^ 


4 

h 


of  potash.  8 

of  soda.  9 

of  ammonia,  iq 

of  lime,  1 1 


of  silver.  1 2 

of  lead.  1 3^ 

of  copper.  14 

of  tin,  15 


of  iron. 

of  mercury-ammonium. 

of  methyl. 

of  ethyl. 


The  characteristics  of  the  salts  of  this  group  are,  that  one  basic  radical  is 
combined  in  them  with  one  atom  of  normal  tartryl  and  with  O*.  These 
monobasic  salts  can  be  converted  into  apparently-bibasic  salts,  by  the 
easy  process,  described  at  page  395«  of  doubling  the  formulae.  Thus, 
K,C*HH)»  X  2  becomes  KK,C*H*(>',  to  which  formula  it  would  hi 
judicious  to  add  in  all  cases  cm  bono  ? 

Group  G.  Terbasic  Tartrates.  These  salts  agree  in  composition  with 
the  terbasic  phosphates — see  page  138  ;  thus,  No.  16  is  Sbc,CfH*0*  4- 
Sbc,SbcO,  namely,  it  is  a  monobasic  tartrate  of  Group  B,  combined  with 
a  salt  formed  on  the  model  of  water.  16].  Neutral  tartrate  of  anti- 
mony.    17].  Tartrate  of  sesquioxide  of  uranium.     18].  Tartrate  of  bis- 
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inuth.  19].  Neatral  tartrate  of  soda.  The  add  tartrate  of  soda  is 
No.  39.  As  commonly  represented  in  chemical  books,  the  salts  16  and 
1 7  contain  (^  aq)  in  addition  to  the  constituents  represented  in  these 
formulae.  Thus  No.  16  is  represented  as  2SbO',C'H*0*",  and  No.  17  as 
2\JKf',(?W0'\  which  fbrmulsB  are  expressed  by  No.  73.  This  differ- 
ence may  be  due  to  the  presence  of  a  little  extra  water,  or  it  may  arise 
from  error  in  analysis.  The  tartrates  lose  water  gradually  while  in 
course  of  drying,  and  there  is  no  fixed  temperature  at  which  standards 
can  be  taken,  while  they  suffer  from  the  disadvantage  that,  being  fre- 
quently decomposable  by  pure  water,  they  cannot  be  washed  clean 
previous  to  analysis.  However,  the  presence  of  additional  water  in  these 
salts  does  not  invalidate  the  terbasic  formulae,  any  more  than  the  presence  of 
water  of  crystallisation  invalidates  the  formulae  of  the  terbasic  phosphates. 
No.  19  represents  a  neutral  crystallised  salt  which  has  been  frequently 
analysed,  and  the  composition  of  which  appears  to  be  free  from  doubt. 

These  salts  are  of  course  all  changed  in  composition  when  heated. 
No.  16  represents  a  salt  dried  at  100°  C.  If  heated  to  190^0,  it  is 
changed  into  No.  69.     This  is  explained  by  the  following  equation : 

Sbc',C«H«0*l    _   jSbc,C*HSbcO»-f-Sbc*,C«HSbcO* 
Sbc»,CH«0*f    "   \  H      O  4-  H 

There  being  in  No.  16  no  ready-formed  water  separable  by  the  increased 
heat,  the  tartryl  undergoes  substitution  of  Sbc  for  H,  to  the  extent  of 
half  its  hydrogen,  but  never  more  without  entire  destiiiction  to  the  acid. 
In  like  manner,  No.  17  produces  a  salt  equivalent  to  No.  69,  but  having 
6  Uc  instead  of  6  Sbc.  The  salts  Nos.  16  and  17  combine  together,  to 
produce  the  compound  ^0.  70,  and  when  this  compound  is  dried  at 
200°  C,  it  is  reduced  to  the  condition  of  No.  71.  The  salt  No.  16  com- 
bines with  three  atoms  of  hydrated  acid  and  three  atoms  of  water  to 
form  the  quadrotartrate  No.  64.  It  combines  with  three  atoms  of  mono- 
basic tartrate  (not  known  in  the  separate  state)  to  form  the  quadruple 
salt  conunonly  called  acid  tartrate  of  antimony  No.  6y  It  combint's 
with  one  atom  of  the  monobasic  acid  No.  i ,  to  form  tne  tetrabasic  salt 
No.  40,  and  when  No.  40  is  dried  at  160°  C,  it  produces  the  double 
vice-tartiylate  No.  57.  It  is  evident,  from  these  examples,  that  if 
CH',  the  acid  radical  of  tartaric  acid,  was  as  indestructible  by  heat  as  P, 
the  acid  radical  of  phosphoric  acid,  it  would  be  easy  to  produce  amon<^ 
the  tartrates,  with  any  given  positive  radical,  every  variety  of  salt  which 
is  producible  among  the  phosphates. 

When  No.  19  is  heated,  it  loses  HHO  and  becomes  No.  5.  No.  18 
probably  undergoes  a  similar  reduction  to  Bic,C*H"0". 

Group  D.  Acid  Tartrates,  20].  This  is  the  fundamental  salt  of  the 
tartaric  series — cream  of  tartar  or  bitartrate  of  potash.  21].  The  acid 
tartrate  of  ammonia.  Soda  forms  a  similar  salt,  namely,  NajC'H^C  + 
H,C«H«CP. 

2  H 


I 
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Group  £.  Afrwbgen  Salts.  22].  Tartramide,  derived,  as  usual,  from 
the  norraal  tartrate  of  ammonium  No.  6,  by  abstraction  of  H;UO.  23]. 
Tartramic  acid,  derived  from  the  acid  tartrate  of  ammonia  No.  2i,  by 
abstraction  of  H,HO.  24].  Tartramate  of  ethyl,  or  tartramethane. 
No.  22,  tartramide,  is  quoted  at  No.  172,  page  21 1,  in  the  list  of  amidSb 
No.  22,  tartramic  acid,  belongs  to  the  amidc^en  acids  with  compooDd 
radicals,  which  are  described  in  Group  C,  page  227.  The  evidence  from 
analogy  offered  by  these  compounds  is  in  favour  of  the  theory  that  tar- 
taric acid  is  monobasic. 

Group  F.  Double  Tartrates.  These  salts  are  of  the  same  rank  as  the 
double  sulphates,  page  150,  and  the  double  oxalates,  page  179.  The 
arguments  which  Lhave  employed  to  prove  the  monobasic  nature  of 
sulphuric  and  oxalic  acids  apply  equally  to  tartaric  acid,  and  need  no 
repetition.  25].  Tartrate  of  potash  and  soda.  Salt  of  Seignette. 
Rochelle  salt.  26].  Tartrate  of  potash  and  ammonia.  Tartarus  sdo- 
bilis  ammoniacalis.  27].  Taitrate  of  potash  and  copper.  28].  Tartrate 
of  soda  and  barytes,  29].  Tartrate  of  soda  and  ammonia.  30].  Tar- 
trate of  soda  and  magnesia. 

Group  G.  Conjugated  Tartrates,  The  conjugated  tartrates  contain 
imaginary  acids  formed  in  accordance  with  the  fallacious  doctrine  whidi  I 
liave  examined  in  the  chapter  on  the  Bisulphates  of  the  Alcohol  Radicals, 
page  399.  All  the  conjugated  tartrates,  as  is  shown  by  the  formulft 
Nos.  31  to  38,  consist  of  double  tartrates,  each  containing  one  positive 
radical  of  the  vinyl  series,  and  one  positive  radical  of  the  inorganic  series. 

31].  Tartaromethylic  acid,  or  methyltartaric  acid.  3 2 J.  Tartaro- 
methylate  of  potash.  33].  Tartarovinic  acid.  34].  Tartarovinate  of 
potash.  35].  Tartarovinate  of  bar}' tes.  36].  Tartarovinate  of  silver.  37]. 
Amylot£u^ic  acid,  or  tartramylic  acid.     38].  Tartramylate  of  silver. 

Trusting  that  the  reader  will  examine  the  arguments  which  I  have 
urged  in  the  chapter  on  the  Bisulphates  of  the  Alcohol  Radicals,  and 
will  apply  them  to  the  corresponding  bi tartrates,  it  is  only  necessazy  for 
me  to  make  here  the  remark,  that  the  so-called  "  conjugated  "  tartrates 
afford  no  evidence  in  favour  of  the  bibasic  nature  of  tartaric  acid,  but,  on 
the  contrary,  tend  to  prove  it  to  be  monobasic. 

Group  H.  Tetrabasic  Tartrates,  These  salts  are  tetrabasic  and  bncid, 
and  agree  exactly  in  constitution  with  the  bibasic  phosphates,  which  ane 
also  tetrabasic  and  biacid,  and  cannot  be  divided  into  salts  that  are 
bibasic  and  monacid,  because  of  the  uneven  number  of  their  atoms  of 
oxygen.  These  salts  are  produced  by  the  combination  of  salts  of 
Group  B  with  those  of  Group  C,  atom  to  atom.  It  is  the  same  with 
the  phosphates.  A  monobasic  salt  and  a  terbasic  salt  make  together  the 
intermediate  wrongly-called  bibasic  salt. 

All  the  salts  of  Group  H  suffer  loss  of  water  when  heated,  and  they 
ivre  thug  changed  into  salts  belonging  to  other  groups.  No.  39  minns 
HHO,  produces  a  salt  equivalent  to  No.  20  in  Group  D. 
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No.  40  —  HHO  becomes  No.  57. 
45— HHO        „  58. 

44  — HHO        „  59. 


No.  45  —  HHO  becomes  No.  60. 
46  — HHO        „  61. 

54— -HHO        „  63. 


In  this  change,  the  tetrabasic  and  biacid  salts  are  transformed  into 
doable  monobasic  salts,  with  a  conversion  of  normal  tartryl  into  vice- 
tartryl.  There  is,  however,  no  permanent  alteration  of  the  acid  mdical ; 
for  if  the  salts  of  Group  I  are  treated  with  water,  the  normal  radical 
CH'  is  again  formed,  and  the  salts  resmne  their  original  constitution. 
Many  of  the  salts  of  Group  H  take  up,  when  crystallised,  or  when  newly 
precipitated  and  imdried,  more  water  than  I  have  represented  in  the 
formula.  In  particular,  tartar  emetic  No.  43,  and  several  equivalent 
salts,  take  up  half  an  atom  more  water,  and  assume  the  constitution  that 
is  exhibited  by  No.  68.  With  still  more  water,  they  acquire  the  form 
of  No.  72,  and  with  still  more,  that  of  No.  73. 

39].  Acid  tartrate  of  soda.  40].  See  note  to  16.  41].  Tartrate  of 
antimony  and  soda.  42].  Tartrate  of  antimony  and  ammonia.  43]. 
Neutral  tartrate  of  antimony  and  potash  dried  at  1 00^  C.  Tartar  emetic. 
Tartansed  antimony.  When  this  salt  is  crystallised,  it  has  the  com^ 
position  shown  by  No.  68.  When  it  is  dried  at  200°  C,  it  becomes 
No.  58.  When  58  is  dissolved  in  water,  it  again  becomes  equal  to  43. 
44].  Tartrate  of  antimony  and  barytes  dried  at  100°  C.  When  dri«i 
at  250°  C,  it  changes  to  No.  59.  When  in  crystals  its  composition  is 
'epresented  by  No.  72.  45].  Tartrate  of  antimony  and  silver,  air-dried. 
When  dried  at  160°  C,  it  changes  to  No.  60.  46].  Tartrate  of  anti- 
mony and  lead.  When  dried  at  230^0,  it  becomes  No.  61.  47]. 
Tartrate  of  arsenious  acid  and  ammonia.  48].  Tartrate  of  potash  and 
peroxide  of  iron  dried  at  100^  C.  49].  Tartrate  of  ammonia  and  per- 
oxide of  iron.  50].  Tartrate  of  peroxide  of  iron,  according  to  Gmelin's 
formula  =  2Fe*0*,3C"H'0".  If  No.  50  were  deprived  of  Aq*,  it  would 
be  reduced  to  the  condition  of  two  atoms  of  No.  12.  51].  Tartrate  of 
sesquioxide  of  chromium.  52].  Tartrate  of  potash  and  sesquioxide  of 
chromium.  53.  Tartrate  of  soda  and  cupric  oxide.  54].  Tartrate  of 
potash  and  boron.  Borolartrate  of  potash.  Soluble  tartar.  Dried  at 
100°  C.  When  it  is  heated  to  280°  C,  it  is  changed  into  No.  63. 
55].  Tartrate  of  uranous  oxide  dried  at  100°  C.  56].  Tartrate  of  potash 
and  uranous  oxide. 

Group  I.  Dcrubk  Tartrates  containing  Vtce-Tartryls.  These  salts  have 
been  so  frequently  referred  to,  that  &rther  detail  seems  needless.  The 
only  salt  that  has  not  been  specially  alluded  to,  is  No.  62,  which  is  com- 
monly called  the  tartrate  of  potash  and  bismuth,  dried  at  200^0. 
When  the  salts  of  this  section  are  dissolved  in  water,  they  must  be  con- 
sidered to  be  again  restored  to  the  condition  of*  the  salts  contained  in 
Group  H. 

Group  K.   Complex  Tartrates.     This  list  might  be  extended  to  a 

2  H  2 
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great  length,  the  habits  of  tartaric  acid  being  such  as  tend  to  the  in- 
definite production  of  such  multiple  salts.  It  is  sufficient  to  give  a  few 
examples.  Nos.  64,  65,  69,  70,  and  71,  have  been  already  explain x! 
in  the  article  on  No.  16,  Group  C.  64].  Supertartrate  of  antimony. 
65].  Acid  tartrate  of  antimony.  66].  Acid  cream  of  tartar,  dried  at 
icx)°  C.  This  may  be  considered  as  a  compound  of  tartar  emetic,  Ka 
43 ,  with  two  atoms  of  hydrated  tartaric  acid,  No.  1 ;  or  as  a  oomponnd 
of  tartrate  of  antimony  No.  40,  with  bitartrate  of  potash.  No.  20.  67 1 
A  compound  of  one  atom  of  tartar  emetic,  No.  43,  with  three  atoms  of 
cream  of  tartar,  No.  20.  68].  Crystallised  tartar  emetic;  see  No.  43. 
69,  70,  and  71].  See  note  to  No.  16.  72].  See  note  to  No.  44.  It 
is  the  crystallised  tartrate  of  antimony  and  barytes.  73].  The  firtshly- 
precipitated  neutral  tartrate  of  antimony;  see  No.  16. 

Group  L.  Anilides  of  Tartaric  Acid.  The  compounds  formed  by  tar- 
taric acid  with  aniline  have  been  described  by  Arppe  (  Quarterly  Journal 
ChemkdL  Society^  viii.  179),  from  whom  I  copy  the  following  names  and 
formulae : — 

74].  Tartanilide  =  C"ff«N*0»  =  2C»"IFN.(7H"0»«  -  4HO.  75I. 
Tartanilic  acid  =  C*H"NO".  76].  Tartanilate  of  barvtes  =  BaO. 
C«H^»N(y.  77].  Tartanilate  of  silver  =  AgO.C»H"NO<  78J.  Tar- 
tanil  =  C?»H"NO«  =  C»«H^.C»H«0'«  -  4HO. 

So  long  as  chemists  confine  themselves  to  unitary  formulse,  kx  to  the 
equally-enlightening  formula  of  "  so-and-so  minus  so-and  so,"  they  must 
be  puzzled  to  account  for  the  variations  in  the  quantity  of  oxygen  pre- 
sented by  such  salts  as  the  above.  But  on  the  radical  theory,  and 
assuming  the  propriety  of  the  amidogen  theory  which  I  have  advanced 
every  atom  described  in  these  formulse  can  be  rationally  accounted  fcM". 
In  74,  we  have  O*,  because  the  normal  tartrate  of  phenylam  must  have 
0»  (viz.  ZH»,e'H* ;  C?H*0»).  In  75,  76,  77,  we  have  O*,  because  there 
is  present  one  amidogen  tartrate  with  O*,  and  one  normal  tartrate  with 
O*.  In  78,  we  have  O*,  because  tartryl,  when  acting  as  a  basic  radical, 
carries  O"  extra  into  its  salts,  and  in  this  salt  C*H*  replaces  ff .  In 
other  respects  78  agrees  exactly  with  74.  These  anilides  prove  that 
tartryl  is  C*H*,  and  monobasic. 


In  the  foregoing  explanation  of  the  constitution  of  the  Tartrates,  I  have 
made  use  of  the  radicals  which,  at  page  33,  I  denominated  basyuc. 
They  effect  a  decided  simplification  in  the  formulae,  by  displacing  some 
commonly-received  extravagancies. 

For   example,   No.   50,   the   Tartrate   of  the   peroxide   of  iron  = 
H,CWO»  -f  HFec«,C*H"0*,  is  described  by  Gmelin  as  follows : 

2Fe*0»,3C«H«0". 

The  symbol   C»H"0"  contained   in   the   above  formula,    is   Gmelin's 
♦ormula  for  hydrated  tartaric  acid ;    that  of  his  anhydrous  acid  beirg 
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C?H'0'*.  We  have  consequently  in  this  salt,  according  t<: 
two  atoms  of  base  and  three  double  or  bibasic  atoms  i 
reason  ttiat  there  are  present  these  proportions  of  base  an 
there  ate  six  atoms  of  oxygen  in  the  given  quantl^  of  b 
must  coDseqoently  be  six  atoms  of  monobasic  acid ;  for  i 
servable  by  those  who  profess  to  believe  in  the  exist«nc 
bases,  that  a  salt  must  have  an  atom  of  add  for  every  at 
that  is  contained  in  its  base. 

Turn  now  to  the  consideration  of  the  constitution  c 
tartrate  of  potash  and  peroxide  of  iron.  No.  48  in  the 
K.CHKJ*  +  Fetf.CH'O*.  Gmeiin'a  formula  for  this  ! 
(F^O')0»  and  Professor  Miller's  formula  is  KO.Fe'O* 
tiiese  formulae,  the  law  that  enjoins  a  certain  correspondeno 
quantities  of  the  acid  and  the  base,  is  set  at  defiance.  '^^ 
have  four  atoms  of  oxygen  in  the  bases,  and  we  ought  the 
two  atoms  of  bibasic  acid ;  but  we  have  only  one  aton 
How  comes  it  that  the  usual  law  is  observed  iu  the  tartrat 
not  in  the  tartrate  of  potash  and  iron?  Why,  iu  the 
Nature  a  rebel  against  the  taw  of  the  philosophers  ?  Simp! 
law  is  absurd,  and  Nature  cannot  observe  it. 

Take  the  formula  KO,Fe'0',eH'0",  and  ask  yourselves 
which  of  these  componentB  of  the  salt,  is  the  acid  and  whic 
Is  Fe*0*  a  base?  If  so,  tlie  salt  ought  to  have  twii 
quantity  of  acid.  Is  Fe'O'  an  acid?  If  so,  we  want  a  1 
KO  only  suffices  to  saturate  half  the  quantity  of  acid  whicl 
by  the  symbols  (THX)".  In  short,  wliether  you  treat  th 
of  iroD  as  acid  or  as  tiase,  you  are  equally  unable  to  g 
account  of  the  composition  of  this  salt.  So  it  always  is,  w 
to  the  theory  of  the  sesquioiides  to  explain  a  critioil  case. 
betrays  you,  and  down  you  sink  into  inextricable  mud 
surely  sufficient  reason  to  induce  you  to  doubt  the  trusl 
your  guide,  and  to  look  for  assistance  upon  which  you 
Examine,  then,  the  value  of  the  help  offered  by  the  basylic 
how  the  radical  theory  applies  to  these  two  tartrates. 

Gnielin's  first  formula  =  aFeHy,3(?H'0",  corrected  1 
comes  aFe'0',3CTH'0".  Correcting  the  atomic  weights  1 
and  oxygen,  this  becomes  Fe'0',C"H"0".  Exchanging  th 
atoms  for  six  ferric  atoms,  and  putting  the  oxygen  togethei 
is  Fec*,C'*H"0'*.  Dividing  this  formula  by  6,  we  have 
which  corresponds  with  No.  1 1,  and  in  fiict  shows  that  the 
by  Gmelin's  immense  formula,  which  comprehends  88  uli 
can,  on  the  radical  theoty,  be  clearly  expressed  by  a  fom 
tains  only  8  ultimate  atoms,  or  the  eleventh  p^  of  Gi 
tities.  Including  the  water  of  Gmelin's  formula,  the  red 
becomes  No.  50,  which  contains  19  ultimate  atoms. 
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The  formulffi  for  the  double  salt  is  KO,Fe«0»,C"H*0^  Correcting  the 
atomic  weights  of  the  iron,  the  carbon,  and  the  oxygen,  and  collecting 
the  oxygen  together,  this  formula  becomes  KyFec'jC^HK)',  and  diis 
thrown  into  the  analytical  form  becomes 

K,C«H*0»  +  (Fec,(?H*0»  +  Fec,FecO), 

which  is  equal  to  No.  48,  a  formula  that  exhibits  no  difficulties,  and 
excites  no  doubts  respecting  the  functions  performed  by  the  atoms  of 
iron. 

How  simple  this  explanation  appears!  How  the  radical  tbeoir 
scatters  the  mists  that  are  produced  by  the  hypotheses  of  *'  adds  "  and 
''  bases,"  and  **  sesquioxides  " — ^scientific  shams,  which  nominally  serve 
to  explain  the  constitution  of  the  tartrates,  but  actually  to  puzzle  and 
bewilder  you ! 


The  Xanthates. 

A.    SULPHOOARBONATES,   OB  SULFHOXANTHATES. 

1.  H     ,H     ,CS*,S*  .  .  Hydren  xantha  sulphene. 

2.  ZH*  ,ZH*  ,CS*,S*  .  .  Ammonen  xantha  sulphene. 

3.  K     ,K      ,CS*,S"  .  .  Potassen  xantha  sulphene. 

4.  Fe    ,Fe    ,CS*,S"  .  .  Ferrenous  xantha  sulphene. 

5.  Fee  ,Fec  ,CS*,S"  .  .  Ferrenic  xantha  sulphene. 

6.  C  H»,C  H»,CS\S«  .  .  Methylen  xantha  sulphene. 

7.  C»H*,C*H*,CS*,S«  .  .  Ethylen  xantha  sulphene. 

8.  K     ,C*H*,CS*,S"  .  .  Potassa  ethyla  xantha  sulphene. 

B.  Xanthates. 
a).  Xanthomethyhtes. 

9.  CH»,CH«,CSX)  .     .     .     Methyla  methyla  xanthate. 

10.  K    ,CH*,CS*0  .     .     .     Potassa  methyla  xanthate. 

1 1 .  Pb  ,CH»,CSX)  .     .     .     Plumba  methyla  xanthate. 

b).  Xanthates, 

12.  H     ,(?H^CS^3  .  .  Hydra  ethyla  xanthate. 

13.  C«H*,C«H*,CS*0  .  .  Ethyla  ethyla  xanthate. 

14.  CH",C*H*,CS^  .  .  Methyla  ethyla  xanthate* 
I  5.  ZH*  ,C»H*,CS^  ,  .  Ammona  ethyla  xanthate. 

16.  K  ,C"H*,CS*0  .  .  Potassa  ethyla  xanthate. 

17.  Na  ,C*H*,CS*0  .  .  Natra  ethyla  xanthate. 

18.  Ba  ,C"H*,CS*0  .  .  Baryta  ethyla  xanthate. 

19.  Pb  ,C*H*,CS*0  .  .  Plumba  ethyla  xanthate. 

20.  Cu  ,CH*,CS*0  .  .  Cuprous  ethyla  xanthate. 
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c).  Xanthamf/htes 

ar.  H     ,CH",CS'0  .  .  Hydra  ar 

aa.  C?H",C?H",CS*0  .  .  Amylaai 

aj.  CH',(?H",CS'0   .  .  Methyla 

34.  CH*  .CHiVCS-O   .  .  Ethyla  ai 

35.  ZH*  ,CH",CS*0  .  .  Ammona 
a6.  K  ,0'H",CS'0  .  .  Potassaa 
a7.  Pb     ,CH",CS'0   .  .  Plnmbai 

d).  Xanthoprt^lata  and  JEo; 
aB.  K,C  H'  ,CS*0  .  .  .  Potassa  j 
39.  K,C"H",CS'0  .     .     .     Potassa  c 

«).  Su^>ho-carbatnat 
JO.  H    .ZH-.CS*     .     .     .     Hydra 
.  ZH*,ZH',CS' 


33.  Pb  ,ZH',CS* 

33.  Zn  .ZH-.CS' 

34.  Ca  .Zff.CS* 


Ainmona 
Plnmba  ( 

Cuprous 


C.   BiNOXTflDLPHOCARBO 

35.  CH'.CS'O  ....  Mfithyla 

36.  CnP  ,CS*0  ....  Ethyla  x> 

37.  C?H",CS'0  ....  Amyla  it 

38.  ZH'  ,CS*  ....  Amida  i 

D.  OlTXANTHA'ra 


ICTP,(?H',CS'0 

Ethylen  : 

59-^CH',CTI',CO'  f  • 

caibite 

„  IC*H*,CH',CS'0 

Ethylen ) 

^°-\K     ,K     ,C0*    f  ■ 

carbite 

ICff, CH'.CS'O 

Ethylen 

+^-iAg  .Ag.CO-       • 

carbih 

,,   )C*H*,CH»,CS'0 
^^'tPb    ,Pb    .CO*       • 

Ethylen 

'         carhit* 

E.  Xanthamidee 
iC^,C^».CS*01  Ethylen 

43-|ZH*  ,CNOf      ■         cyanal 

lO'H",CH",CS'Oi  Amylen 

44|ZH*.  ,CNO[      ■         cyanal 

The  compounds  that  are   exhibited  in 
which  are  produced  by  the  combination  of  si 
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tive  radicals,  with  or  without  oxygen.  The  formula  which  is  usnally 
given  to  sulphide  of  carbon  is  CS*,  but  in  consequence  of  my  liaving 
doubled  the  atomic  weight  of  carbon,  I  am  forced  to  give  to  this  com- 
pound the  formula  CS^,  and  this  alteration  produces  so  great  a  change  in 
the  apparent  composition  of  its  salts,  that  I  have  considered  it  proper  to 
give  a  comprehensive  series  of  examples. 

Sulphide  of  carbon  appears  in  this  list  in  the  character  of  an  add 
radical,  and  to  act  in  that  character,  sometimes  with  bibasic  pow^,  and 
sometimes  with  monobasic  power.  The  results  are  convenient  for  par- 
]X)ses  of  classification  and  nomenclature ;  but  I  think  it  right  to  add,  in 
order  to  prevent  misapprehension,  that,  in  my  opinion,  the  sulphide  of 
carbon  is  not  a  radical,  but  the  sulphide  of  a  radical,  and  ought  to  be 
denoted  by  the  forraulse  CS",S ;  from  which  it  follows,  that  the  formula 
for  the  salt  No.  i  ought  in  strict  accuracy  to  be  that  of  a  triple  sulphide 
=  CS'S  +  HS  4-  HS,  while  the  formula  for  No.  9  ought  to  represent 
a  double  salt  =  CIP,CH'0  +  CS',S.  This  opinion  is  founded  upon  the 
notion,  that  there  exists  a  series  of  sulphic  vice-radicab  which  cor- 
respond to  the  vinyl  series  of  hydrogen  and  chlorine  radicals.     Thus : 

CH,  CH«,  CH«;  CH»,H 

CGI,  cci",  cci»;  ca«,a 

CS ,  CS« ,  CS»  ;  CS«,S. 

But  the  subject  of  sulphic  radicals  is  one  of  such  importance  and  extent 
that  I  shall  not  press  it  upon  the  attention  of  chemists  in  this  article. 
The  formulae  given  in  the  above  Table  may  pass  as  convenient  synoptical 
formula  for  the  respective  salts,  while  their  closer  examination  is  de- 
ferred. 

I  have  denoted  the  sulphide  of  carbon,  CS*,  in  these  Tables  by  the 
term  xanth.  At  pages  53,  98,  and  109, 1  wrote  xanthyh  Upon  recon- 
sideration, I  think  it  expedient  to  leave  the  terminal  yl  in  the  exclusive 
possession  of  the  hydrocarbons. 

Xanth,  in  the  state  of  gas,  measures  two  volumes  (see  page  53);  bat 
the  bibasic  xanthates  also  measure  two  volumes ;  see  three  examples  at 
page  60 ; — whence  xanth,  like  sulphur  and  carbon,  measures  nothing  in 
its  gaseous  salts ;  and  I  have  so  described  it  at  page  109.  The  measure 
of  two  voliunes  which  xanth  possesses  per  se,  is  advei^  to  the  notion 
that  it  is  a  radicoH, 

In  the  following  notes,  I  must  quote  many  of  the  names  that  have 
been  applied  by  chemists  to  the  different  kinds  of  xanthates ;  but  the 
number  of  synonymes  for  these  salts  to  which  rival  hypotheses  respecting 
their  composition  have  given  rise,  is  so  enormous,  that  I  can  only  give 
space  to  a  selection  from  them,  and  to  only  a  brief  notice  of  the  theories 
upon  which  they  depend.  The  reader  will  find  ample  details  respecting 
the  different  compounds  on  consulting  the  following  works : — Gmelin's 
Handbook  of  Chemistry,  vols,  vii,  viii,  and  ix.     Gerhardt^  Traite  de 
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Chimie,  tome  i.  Liebig's  Handworterbuch  der  Chemie,  Band  iv,  article 
Kohlensulfidsalz ;  Band  v,  article  Methyloxydsulfokohlensaure ;  Siip- 
plemente,  articles  Aethersulfokohlensaures  Salze,  and  Amylozydsulfo 
kohlensaore. 

Group  A.    SuipJiocarbonates, 

The  salt  No.  2  is  prepared  by  dissolving  bisulphide  of  carbon  in  a 
solution  of  sulphide  of  ammonium.  ZH*,S  +  ZH*,S  -f  CS*.  The  acid 
No.  I  is  prepared  by  acting  upon  the  salt  No.  2  with  hydrochloric  acid : 

ZH*,ZH*,CS*,S«  4-  HC1,HC1  =  H,H,CS*,S»  +  ZH*C1,ZH^C1. 

Diluted  solutions  of  these  salts  when  exposed  to  the  air  are  rapidly  de- 
composed, carbonates  being  formed  and  sulphur  precipitated : 

K,K,CS*,S*  +  O"  =  KK,CO»  +  S«. 

Concentrated  solutions,  when  mixed  with  strong  acids,  are  decomposed, 
producing  the  acid  No.  i  : 

K,K,CS*S«  +  HC1,HC1  =  H,H,CS*,S«  +  Ka,Ka. 

Besides  the  salts  that  are  named  in  the  Table  from  Nos.  i  to  8,  similar 
compounds  have  been  formed  wth  Na',  Ba*,  Sr",  Ca*,  Li*,  Crc",  Uc*, 
Auc^,  Sn*,  Snc*,  Hg*,  Hgc".  Consequently,  the  basylous  and  basylic 
atoms  are  acted  upon  by  CS^  equally. 

Usual  names,  i].  Hydrosulphocarbonic  acid.  Trisulphocarbonic 
acid.  Hydrothiocarbonsaure.  2].  Hydrosulphocarbonate  of  ammonia. 
Kohlensulfid-ammonium.  3].  Sulphocarbonate  of  potassium.  Kohlen- 
sulfid  -  kalium.  Kalium-sulfocarbonat.  Hydrothiocarbonsaures  kali. 
The  names  of  No.  3  may  serve  as  patterns  of  those  of  all  the  salts  which 
have  M,M  as  radicals.  I  shall  point  out  the  formulae  which  distinguish 
the  salts  that  contain  basylic  atoms. 

Common  Formnlse. 

FeS  .  CS« 
Fe«S».3CS« 
Cr«S».3CS« 
Au«S».3CS» 
Hg«S .  CS" 
HgS  .  CS» 
U«S»  .  CS" 

SpS  .  cs« 

SnS«  .2CS« 


Ferrous  atoms  . 
Ferric  atoms      . 
Chromic  atoms  . 
Auric  atoms 
Mercurous  atoms 
Meroiric  atoms  . 
Uric  atoms   .     . 
Stannous  atoms . 
Stannic  atoms    . 


Proposed  Formals. 

Fe  ,Fe  ,CS*,S«. 
Fee  ,Fec  ,CS*,S*. 
Crc  ,Crc  ,CS*,S«. 
Auc,Auc,CS*,S« 
Hg  ,Hg  ,CS*,S« 
Hgc,Hgc,CS*,S» 
Uc  ,Uc  ,CS*,S« 
Sn  ,Sn  ,CS*,S« 
Snc  ,Snc  ,CS*,S« 


There  is  here  a  striking  contrast  between  the  regularxty  of  the  proposed 
formulae,  and  the  irregularity  of  the  common  formulae.  There  can  be  no 
pretension  here,  any  more  than  among  the  cyanides,  that  the  difference 
is  attributable  to  the  presence  of  protoxides  and  peroxides,  and  therefore 
these  examples  show  the  absurdity  of  the  commonly-received  atomic 


•'  r,"^ 


474  THEORY  OF  POLYBASIC  AND  CONJUGATED  ACTOS- 

weights,  and  justify  the  adoption  of  basylic  as  well  as  basylons  atoms. 
See  page  32. 

6].  Sulphocarbonate  of  methyl.  Trisulphocarbonate  of  methyL  Sul- 
focarbonate  de  sulfure  de  methyle.  SchwefelkohlenstoflP-Schwefel-For- 
mafer.  Kohknsulfid-methyl.  Methylic  sulphocarbonate.  7].  Similar 
to  No.  6.  8 J.  Sulphoxanthate  of  potassium.  Trisulphm^etted  carbovi- 
nate  of  potash.  Ethyl-trisulphocarbonate  of  potash.  A  conjugated  add 
corresponding  to  No.  8  is  described  in  the  books  =  H,C*H*,CS*,S*,  hot 
no  such  acid  exists.  The  salt  No.  6  produces  a  gas,  the  measure  of 
which  is  two  volumes.     See  page  60. 

Group  B.     Xaathates. 

a\  Xanthomethylates,  According  to  organic  chemists,  the  foundation 
of  this  group  of  ^ts  is  an  acid  of  the  following  constitution  HyCfl*, 
CSH3,  and  which  has  received  the  following  very  fine  names :  Hdz- 
Xanthonsaure.  Holz-xanthogejisaure.  Methyl  -  sch wefelkohlensSuie. 
Methyloxydsulfokohlensl&ure.  Methyl-xanthonsUure.  Acide  methyl- 
xanthique.  Acide  m^thyl-disulfocarbonique.  Acide  sulfocarbome- 
thylique.  Xanthomethylic  acid.  Methyl-disulphocarbonic  acid.  Sul- 
phocarbomethylic  acid.  Methylxanthic  acid.  Unluckily,  this  many- 
named  acid  does  not  exist.  What  a  pity  it  is,  that  so  much  excellent 
nomenclature  should  be  wasted  I  The  salts  Nos.  10  and  11  have  names 
that  correspond  in  euphony  and  explicitness  with  the  names  of  the  un- 
known "  acid."  No.  9]  has  some  special  names.  Methyl-zanthic 
ether.  SchwefelkohlenstofF- Formester.  Sulphocarbonate  of  methyl- 
oxide.  Disulphocarbonate  of  methyl.  Kohlensulfid-methyloxyd.  Me* 
thyl-oxysulfocarbonat.     Gmelin's  formula  for  it  is  CH'OjCS*.     Ger- 

hardt's  formula  is  C»S*  \  ^^^ .     Dumas's   formula  is   CTB[»0,CS*  + 

HO,CS*.  Berzelius's  formula  is  C*EPO.CO«  -|-  2(C*H»S.CS«).  The  last 
formula  arranged  on  the  plan  of  my  Table,  afler  oorrectiDg  the  atnmic 
weights  of  C  and  O,  becomes 

'CIP,CH»,CS*,S«1 
CH",CH»,CS*,S« 
CH»,CH»,C    0"J 

But  if  all  the  substances  here  represented  are  divided  by  3,  this  great 
formula  is  reduced  to  No.  9.  The  proof  that  it  ought  to  be  so  reduced 
lies  in  the  fact,  that  the  salt  is  gaseous,  and  has  an  atomic  measure  of 
two  volumes,  which  is  the  bulk  of  two  atoms  of  CIP,  the  xanth  and 
oxygen  measuring  nothing.     See  page  60. 

6).  Xanthates,  The  salts  of  this  group,  Nos.  la  to  20,  differ  firora 
those  of  the  preceding  group  merely  by  containing  ethyl  instead  of 
methyl.  They  constitute  the  xanthates  proper,  and  were  disoovered 
earlier,  and  are  better  known,  than  the  salts  in  groups  a),  c),  </),  and  «). 
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Nomenclature: — 13].  Xanthic  acid.  Sulphocarbonic  acid.  Sulphocar- 
bovinic  acid.  Sulphocarbethenic  acid.  Aetherschwefelkoblens'iluTe. 
XaDthogens'iure.  Xanthons&ure.  Xanthinsttare.  Hjdrozanthinsaure. 
Aethylozyd-Bisulfocarbonat  Saures  Aethyloxysnlfocarbonat,  BerzeUus, 
Kohlenschwefelsaures  Aethyloxydhydrat,  Liehig,  Acide  ^thyl-disidfo 
carbonique,  (?erAarrf^.  Formvke:  C*H«0»,2CS«,  GW&n.  C»S*(C*H»0 
+  HO),  Gerhardt.  C*H»O.CS«  -f-  HO.CS«,  Zeise.  (C*H*O.CO»  + 
H0.00«)  +  2(C*IPS.CS"  +  HS.CS«,  Berzelius. 


C*H*O.C  |g  +  HS.€S«,  Kolbe. 


The  variety  of  the  names  and  the  intricacy  of  the  fonnnlae  of  this  *'  acid  " 
sufficiently  indicate  the  diversity  of  opinions  that  have  prevailed  among 
chemists  respecting  tlie  constitution  of  the  salts  to  which  it  belongs. 
Absolute  certainty  on  the  subject  is  unattainable,  and  conjectures  can  be 
multiplied  indefinitely.  If  xanth  was  certainly  an  acid  radical,  there 
would  be  little  diflBculty,  for  then  we  might  say  in  H,M,CSM),  we  have 
clearly  a  bibasic  salt.  But  I  do  not  believe  that  CS*  is  a  radical.  Its 
atomic  measure  of  two  volumes  is  adverse  to  that  supposition.  Taking 
xanth  to  be  a  sulphide  =  CS*,S,  we  are  still  in  doubts  respecting  the 
composition  of  the  xanthates,  for  we  may  formulate  No.  1 2 

jH,C*H*OI       J    H,CS«0I       ]C^*,CS»l       (CfH»,CS'01   « 

The  accuracy  of  these  formulse  admits  neither  of  proof  nor  disproof,  and 
therefore  I  have  rested,  at  present,  upon  the  formula  No.  12,  which 
serves,  at  any  rate,  to  form  a  central  point  aroond  which  the  different 
varieties  of  xanthates  can  be  grouped,  while  we  wait  for  more  exact  in- 
formation respecting  their  intimate  nature. 

13].  Eohlensuliid-Aethyloxyd.  Schwefelkohlenstoifaether.  Aethyl- 
oxjsulfocarbonat.  Ether  xantliique.  Discdfocarbonate  d'^thyle.  Oxy- 
stdphocarbonate  of  ethyl.  Xanthic  ether.  Aethyloxydschwefelkohlen- 
stofi^  Schwefelkohlenstofivinester.  Xanthonsaures  Aethyloxyd.  Ether 
salfocarbonique. 

14].  Vinomethylic  Oxysulphocarbonate.  Carbom^thylovinide  bisul- 
ftir^.  Zweifach-geschwefeltes  Carbomethylovinid.  Disulfocarbonate 
d*(Sthyle  et  de  m^thyle.  Vinomethylic  carbonate.  Xanthate  of  methyl. 
Xanthomethylate  of  ethyl.  No.  1 4  is  a  gas,  having  an  atomic  measure 
of  two  volumes.     See  page  60. 

I  will  not  trouble  the  reader  with  the  synonymes  of  the  salts  Nos.  15 
to  JO,  but  in  regard  to  the  names  of  the  entire  group,  I  wish  him  to 
observe  the  simplicity  and  perfect  regularity  in  the  composition  of  the 
salts  as  exhibited  by  the  formulse  from  Nos.  12  to  20,  and  then  to  com- 
pare these  qualities  with  the  strange  complexity  and  irregularity  of  the 
names  that  I  have  quoted  as  employed  by  eminent  chemists  to  designate 
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the  salts  Nos.  12,  13,  and  14.  Surelj,  there  is  evidence  here  of  the 
want  of  a  principle  in  chemical  nomenclature  by  which  chemists  might 
be  guided  in  forming  names  for  the  salts  which  they  discoyer. 

The  potash  salt  No.  1 6^  is  formed  by  the  direct  action  of  sulphide  of 
carbon  upon  a  solution  of  hydrate  of  potash  in  absolute  alcohol.  This 
reaction  agrees  extremely  well  with  the  formula : 

K,CH*0      +   CS*   =  K,C'H»,CSH). 
Potash  in  alcohol  +  xanth  =  xanthate  of  potash. 

c).  Xanthamt/lates,  As  the  salts  Nos.  21  to  27  differ  £rom  the  pre- 
ceding groups  only  by  the  replacement  of  CH*,  or  C*H*,  by  C*H",  it  is 
needless  to  go  into  details  respecting  them.  I  will  however  qtiotea 
single  set  of  names  and  formulae  for  three  examples,  as  given  by  a 
chemist  who  has  investigated  them,  (Johnson,  Quarterly  Journal  of  6» 
Chmkal  Sodeiy  (1852),  v.  142). 

C*  IP  \    pc«i^  Sulphocarbonate  of  methyl 

C^«H"/  ^^^^-  and  amyl. 

rC"H".CS*0\  Sulphocarbonate     of     amyl 

H»  .CS«0/*  and  ethyl. 

25].  H'N.C*«H",2CS«0.   Amyloxanthate  of  ammonia. 

Here,  in  describing  three  equivalent  salts,  we  have  three  changes  in  for- 
mulsB  and  two  changes  in  nomenclature.     Why  ? 

cTj.  Xanthopropyiates  and  Xanthocetylates.  28].  Propyloxanthate  of 
potash,  Chancel,  29].  Potash  salt  of  Acide  cltyl-disulfbcarbonique, 
Desadns.  There  are,  in  chemical  books,  descriptions  of  imaginary  con- 
jugated acids  corresponding  to  both  these  salts. 

e).  Svlphocarbamates.  Nos.  30  to  34.  The  fundamental  salt  of  this 
series  is  No.  31  =  ZH*,ZH",CS*.  Gerhard t  calls  this  salt  the  sulpho 
carbamate  of  ammonia,  and  gives  it  the  formula  C*H*(NH*)NS*. 
Kolbe's  name  and  formula  are  Sulfocarbamidsaures  Ammoniumsulfuret 
NH*S.C(SNIP),CS'.  The  salt  is  produced  from  the  ammonium  salt 
No.  2]  by  the  abstraction  of  two  atoms  of  HS.  We  may  also  condder 
the  series  30  to  34,  as  amidogen  salts  of  the  xanthic  series ;  for  if  HHO 
was  added  to  eacn  salt,  we  should  have,  for  example, 

No.  30  raised  to  H  ,ZH*,CS*0. 
32         „       Pb,ZH*,CS*0. 

We  have  indeed  no  knowledge  of  ammonium  salts  that  are  constituted 
in  agreement  with  these  formulae ;  but  they  may  prol^ably  be  found  if 
looked  for. 

C.    BiNOXYSULPHOCARBONATES. 

35].  Binoxysulphocarbonate  of  metlivl.  Persulfure  m^thvl-dxsulib 
carbonique 
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=  Q8g4  <  c'H'g*  >  i^ernarat, 

36].  Binoxysulphocarbonate  of  ethyl,  Desams,      Persulfure   ^thyl-di- 
sulfocarbonique 


37].  Binoxysulphocarbonate  of  amyl  =  C'*^H**.2CS*0,  Johnson,    Persul- 
fiire  amyl-disulfocarboniqiie 


Kg.  36  is  produced  by  the  action  of  iodine  upon  the  salt  No.  16. 
Thus: 

K,C^^^CS*0  +  I  =  KI  +  C«H*,CS*0. 

The  group  of  salts  C,  as  compared  with  those  of  Group  B,  present  the 
peculiarity,  that  the  same  acid  radical  with  the  same  quantity  of  oxygen 
is  in  one  case  monobasic,  and  in  the  other  bibasic.  I  have  pointed  out 
several  examples  of  this  peculiarity  in  treat^pg  of  the  polythionates ; 
where  I  have  shown  that  this  effect,  though  apparent,  is  unreal.  See 
page  173.  A  similar  interpretation  is  probably  due  in  this  case;  so 
that  methyloxanthate,  instead  of  being  a  simple  salt,  as  represented  by 
formula  35,  may  be,  in  fact,  a  double  salt,  or  compound  of  two  salts, 
whereof  one  may  be  oxidised,  and  the  other  not  oxicQsed.  For  example, 
CH»,SO  +CS*,S. 

This  explanation  implies  the  existence  of  a  vice-radical  of  the  form 
CS*,  namely,  one  that  is  equal  to  vinyl  CH*,  but  having  the  hydrogen 
replaced  by  sulphur.  There  is  no  argument  to  urge  against  the  pro- 
bability of  the  existence  of  such  a  vice-radical,  but  I  can  adduce  no  facts 
to  support  it.  In  the  meantime,  I  represent  the  binoxysulphocarbonates 
as  monobasic  xanthates. 

38].  This  is  the  amidogen  salt  of  this  series,  derived  from  the  un- 
known ammonium  salt  ZH*,CS*0.  The  ordinary  names  of  this  amidogen 
salt  are  Hydranzothine,  Bihydrosulphuretted  sulphocyanogen.  Bisulphide 
of  sulphocarbammonium,  Doppelt-SchwefelwasserstofF-Schwefelcyan,  all 
of  which  conceal  the  nature  of  the  substance  as  much  as  they  can. 

D.    OXYXANTHATES. 

39].    Carbonate    of  sulphethyl,   or   carbonate   of   ethylic  sulphide 
=  C^H*S,CO*,   Gmeltn,      Sulphocarbonate  of  ethyle,  or  carbonate  of 

iC*H*S 
r*H'S'      4^^'    ^^y^^*°*^*te  o^  potassium 

=  C*H*KS',2C0',    Gmelin.       Kohlensaures    Aethyl  -  Kaliumsulforet, 


t 
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,    Gerhardt. 

43}.     Similar  names  to  those  of  Noe.  39  and  40. 
bnnulte  in  the  Table  Nos,  39  to  43  appear  to  be  justified  bj  the 
ig  TeactJon : 

hio  ether  No.  13,  dissolved  in  alcohol,  and  mixed  with  an 
:  solution  of  hydrate  of  potash,  produces  oiy«antliate  of  potaib 

and  mercaptan. 

ICfP,CH',CS*0 1  T 

K  ,     K  ,C    0*J  °  ^^J' 
H  ,C*H',S' 
H  ,C*H*,S« 
leless,  it  will  be  obso-ved,  that  the  formula  No.  40  is  dirisiU« 
3  equal  parts,  thos : 

CH'.CTP.CS'O  I         JK.CTP.CS'O' 
K,    K,C    O-f    =    1K,CH',CS'0* 


CIP.CH'.CS'O  _  K,CH>,CS'0' 
K,H  0  ~  H,CH».  S« 
Formula  K,CH»,C5'0',  we  have  again  the  radical  CS*  to  which  1 
fore  referred,  and  here  it  appears  to  act  as  a  bibasic  acid  radical 
ro  atoms  of  oxygen.  Though  I  am  inclined  to  admit  the  o«n- 
DS'  to  be  a  radical,  yet  I  am  not  of  opinion  that  it  can  be  bibasic, 
refore  I  adhere  to  the  formuhe  quoted  in  the  Table,  which  re[ae- 
:h  salt  as  consisting  of  a  carbonate  combined  witli  a  lanthate,  a^ 
robablc  though  complicate 

\p  E.  Xantiiauujes.  Nos.  43  and  44.  If  we  suppose  a  salt 
ip  D  to  contain  ammonium,  and  that  salt  to  be  deprived  ti  two 
>f  water,  we  should  have  the  residue  expressed  in  the  following 

ZH  ,ZH  ,C    Off        I    jj,^    J,'      Q,  _  ^^, 

3rtion  of  the  compound  amidi^n  salt  which  is  represented  br 
il*,CO  is  carbamide,  of  which  I  have  treated  fidly  at  pages  3Z1. 
id  359>  where  I  have  advanced  arguments  that  I  imagine  will 
the  tormulee  which  I  have  now  given  to  the  Xanthamides. 
i!  nomas.     45].    Xanthamide.     Xaathc^enamid.      CKH'S'C 

dH'l^'        =  Xd.  tfine^in.      =  C*H'S',CHNO' 


=  3CH'S»,CH*N'0'   =  CH'O.CN: 

=  6h'o,c"nito,co'+  eH's,CN. 

Debus  (in  ChnelWs  HaniSiook  of  Ghemi^ry,  ii.  27- 

of  ettyle.     Ur^thane  snlfiir^  =  ^^^C^'s}'    ^ 

It  would  be  difiicult  to  determine  what  particular 
TsriouB  authors  attached  to  these  singular  groups  o 
Preparatiua  of  Xanthaimde,  "  Dry  animoDiacal 
alcoholic  solution  of  btoxysulphocarbonate  of  ethyl 
upon  the  liquid  becomes  hot,  and  yields  a  precipil 
soon  as  this  precipitatiofi  is  at  an  end,  the  passa^ 
rnpted,  the  liquid  filtered,  and  the  filtrate  evapa 
vacuo.  The  residue  effloresces  almost  completely, 
gated  crystals  of  santhate  of  ammonia"  [No.  15^ 
oily  liquid  which  is  xanthamide,"  Gmeliu. 

(7H^CS•0       ZH',Hl  (Z  H*,CH',CS'i 

C"H',CS'0  +  ZH',H^    =  ^C'H'.CH'.CSM 
CH',CS*0       ZH*,HJ  |ZH*,         CN I 

No.  36.       Ammonia. 

44],  Siilphocarbamate  of  amyle  =         c^H^Si 

thamylamide  =  C"H"NO'S»,  Johnson.  Obtained 
moDia  on  the  salt  No.  37.  The  explanation  is  ti 
given  of  the  process  for  preparing  No.  43. 

The  only  thing  that  prevents  the  formation 
tbrrnuls  for  the  different  orders  of  mnthates,  is  t 
knowledge  of  the  proKimate  constitiitioo  of  the 
Until  that  knowledge  is  obtained,  all  possible  form 
be  subject  to  uncertainty.  Tet  the  salts  are  so  si 
so  evidently  related  to  one  another  in  groups,  that 
the  wild  extravagance  of  the  names  by  which  tt 
dmignated.  In  the  constJiiction  of  these  names  1 
disr^iard,  not  only  of  scientific  order  but  of  comii 
only  one  particular  can  they  be  considered  to  be  si 
efiecttully  concealing  the  information  which  they 
would  be  scarcely  possible  to  pick  out  from  among 
afler  which  an  impartial  student  of  chemistry  coiili 
a  formula  of  the  salt  to  which  it  refers.  That  re: 
at  a  degree  of  perfection  in  the  art  of  concealing 
(«kon  to  be  the  JM  plus  extra  of  non-scientific  nom 
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Under  the  head  of  Conjugated  Sulpho-Acids,  I  propose  to  give  same 
account  of  the  salts  that  are  produced  by  the  action  of  sulphuric  acid 
upon  compoimd  organic  radicals.  Many  of  these  salts  have  alreaidr 
passed  incidentally  under  our  notice  in  the  review  of  other  groups  of 
salts;  but  it  is  still  necessaiy  to  give  them  a  formal  and  systematic 
examination,  partly  that  I  may  place  the  subject  before  the  reader  in  a 
complete  state,  and  partly  that  I  may  be  able  to  supply  corrections 
which  recent  discoveries  have  rendered  it  necessary  to  make  in  preceding 
statements. 

I  propose,  now,  when  interpreting  the  proximate  constitution  of  the 
conjugated  sulpho-acids,  to  avail  myself  of  the  fact  which  I  first  pointed 
out  at  page  376,  namely,  that  when  a  radical  which,  under  ordinary  cir* 
cumstanccs,  acts  the  part  of  an  Acid  radioal,  goes  into  a  salt  in  the  cha- 
racter of  a  Basic  radical,  it  carries  with  it  an  additional  quantity  of 
Oxygen,  I  have  said  at  page  376,  that  it  takes  with  it  one  additkmdl 
atom  of  oxygen ;  but  I  must  correct  that  expression.  When  the  radical 
belongs  to  the  vinyl  series,  or  to  any  series  which  produces  normal  salts 
with  O*,  then  the  transferable  quantity  of  oxygen  is  indeed  O* ;  but  when 
the  radical  belongs  to  those  which  produce  normal  salts  with  CP,  Uien 
the  transferable  quantity  of  oxygen  is  O*.  Hence  it  is,  that  the  com- 
position of  the  nitric  acid  anhydride  is  N,NO*,  that  of  the  phosf^oiic 
acid  anhydride  P,PO*,  and  that  of  the  tartaric  acid  anhydride  ITU', 
C«H«0». 

I  regret  to  have  to  repeat  here,  what  I  have  stated  at  page  377,  that 
I  cannot  point  out  which  are  the  radicals  that  act  as  transporters  ci 
oxygen  into  salts,  and  which  do  not  so  act.  I  am  unable  to  draw  a  dear 
line  of  distinction  between  them.  Generally  speaking,  all  the  add 
radicals  of  the  vinyl  series,  and  many  of  those  which  belong  to  the  series 
nCH*  —  H",  take  up  O*  additional  when  they  act  as  basic  radicals.  On 
the  other  hand,  phenyl  and  most  of  the  radicals  of  the  series  nCIP— IF, 
act  as  basic  radicals  without  taking  up  additional  oxygen.  A  few 
radicals  of  frequent  occurrence,  such  as  benzyl,  sometimes  take  up  addi- 
tional oxygen,  and  sometimes,  in  circumstances  apparently  similar,  dis- 
pense with  it.  These  anomalies  may  hereafter  disappear.  In  the  mean- 
time, the  main  feet,  that  certain  acid  radicals  take  up  O^  or  O*  extra, 
when  they  pass  into  salts  to  act  as  basic  radicals,  is  so  certain,  and  leads 
to  such  remarkable  elucidations  of  difficult  theoretical  points,  that  the 
nature  and  extent  of  the  action  demand  a  thorough  investigation. 
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BlSULPHATES  OF   BASIC  RADICALS. 

Group  A.  Bisidphates  with  Radicals  of  the  Vinyl  Series, 

I.  <    XT  'gq»[  Methyla  sulphete  cum  hydra  sulphete. 

{C*H*  S0*1 
TT  'oQsf  Ethyla  sulphete  cum  hydra  sulphete. 

3.    C^*,SO«  +  Pb  ,S0*     Ethyla  sulphete  cum  plumba  sulphete. 

IC"H*,SO"+    H,SO")   Ethyla  sulphete  cum  hydra  sulphete  plus. 
^'  IC«H*,S0*  +  Pb  ,S0«|       ethyla  sulphete  cum  plumba  sulphete. 

lC"H*,SO*  +  Pb,SO"»   Ethyla  sulphete  cum  plumba  sulphete  plus 
^'  lC»H*,SO*  +  Pb',SO»|       ethyla  sulphete  cum  plumbine  sulphite. 

Ra    so*  I  ^^^Py^  sulphete  cum  baryta  sulphete. 

7.  <     -^  *5,p.,  >  Butyla  sulphete  cum  potassa  sulphete. 

8.  <    TT  \ryt\  A  my  la  sulphete  cum  hydra  sulphete. 

9.  j    xj  'oQt>  Octyla  sulphete  cum  hydra  sulphete. 

{C**H"  SO*  I 
H  'go»[  ^^y^*  sulphete  cum  hydra  sulphete. 

Oroup  B.  Bisulphates  with  Radicals  not  of  the  Vinyl  Series, 
1 1.  <{      „    'cfjif  Phenyla  sulphete  cum  hydra  sulphete. 

'^*  ir  H»  \cA  P^^^y'*  sulphete  cum  methyla  sulphete. 

{C*  H'    SO* ) 
rfPRa'sO"!  ^^^"y^  sulphete  cum  barytic-methyla  sulphete. 

TT    \nft\  Thymyla  sulphete  cum  hydra  sulphete. 
15.  <     «     'soi[  Thymyla  sulphete  cum  baryta  sulphete. 

Bisulphates  of  Acid  Radicals. 
Oroup  A.  Bisulphates  containing  Radicals  of  the  Vinyl  Seties^ 

(¥{\c^\*   I  ^y^^  acetylete  bis  hydra  sulphete. 
17.  -j     TT  'oQtf  Acetyls  sulphite  cum  hydra  sulphete. 
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i8.  <rK.  'sr^r  Baiytio-acetjla  sulphite  cam  baryta  salphete. 

'9'  I  ^Ra  '  SCy^*!  ^y^™  acetylete  bis  baryta  sulphete. 

TTo-^i  'sO»l  -^^^y^  sulphite  cum  hydra  baryten  sulphite. 
20.  <  A  SO*!  -^^g^Q^^^^^^^A  sulphite  cum  argenta  sulphete. 

2 1. 1 T>^        'so* I  ^<^'y^<>'P^pi^°7^  sulphite  cum  baryta  aolpbete. 

{nsiTS      SO*) 
FT         *SO*r  Pi^F^^J^  sulphite  cum  hydra  sulphete. 

^3'  i7H<  SO*  I  ^ropioi^y»un  sulphite  cum  ammoua  suipbete. 

iCH'Ba       SO*  I 
T»  '  ^Qi  >  Bary tic-butyiyla  sulphite  cum  baryta  sulphete. 

{/-*4XJ7  so*) 

H  'sf^l  ^^*'yry^  sulphite  cum  hydra  sulphete. 

Group  B.  BisviphaJtes  containing  Benzr/l. 

iOTFT*  SO*  J 

TT  'so*  I  ^^^^^  sulphite  cum  hydra  sulphete. 

27.  <«  'qq,>  Benzyla  sulphite  cum  baryta  sulphete. 

i  f^H*R5i       SO* ) 

28.  <  T>  'so* I  ^^J^C'^^^^^  sulphite  cum  baryta  sulphete. 

29.  \  A  'sO*l  ^^y^^  sulphite  cum  ai^geuta  sulphete. 

30.  <  A         ^     'gQt  [  Argentic-benzyla  sulphite  cum  argenta  sulphete. 

iCH*  SO*) 

C^H*  SO*  I  ^^^^^  sulphite  cum  ethyla  sulphete. 

(CH*  SO*) 

3^'  iZH*  CH* •'so*!  ^^^^  sulphite  cum  ethylam  sulphete. 

f  c^xii         sry  1 

33*  lC*H*Na      'so* I  ^'^^y^*  sulphite  cum  natric-ethyla  sulphete. 
34'  I  CH^Ba     'so*  I  ^'^^^  sulphite  cum  barytic-ethyla  sulphete. 

Group  C.  BisdphaUs  containing  Amsyl^  Cinnamyl^  or  Spiryh 
35-  W{£     '  SO*^*i  ^y^  anisylite  bis  hydra  sulphete. 
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(  H      (TIFCi 
5^' UBft    '  gAi\>f  Hydra  aniaybte  bis  barjtasulphete. 

''"  ifPb    '  gnriif  Hydra  anisylit*  bis  plumba  Bulphete. 

H       '      sfuJ  Anisylasulphote  cum  hydra  Bulpbete. 

iCIPBa.    SCI 
g^  cfy>  Baiytic-anlaylft  ealphote  cam  baryta  Bulpl 

I  CH*Pb.   80*1 
^^■iPb  oQtJPiunibic-aiusylasulp'notecam  pliunbttsul 

/(TBJJI  SO*) 

41.  ju         '    gQ,>Qnnamylaauiphite  cum  hydra  gnlphete, 

42.  j.      ^'  gQ»|Argentic-cinnttmyla  sulphite  cum  argeotai 

43. 1  n  '  gQ,|  Spirylasnlphote  cum  hydra  snlphete. 

Double  Hypos dlphates. 

Group  A.  Hyposidphatta  oontaimng  Sadhais  of  the  Vinyl  S 

ICH*         8*0*1 
44.^11  '  g,Q,lHethylaEulphenite  cum  hydra  sulphenib 

45.  <g^        '  Q«o>}  Barytic-methyla  sniphenite  cum  baryta  su 


46- 


iCEPAg,  S'Cl  Argentic-methyla  sulphenite  cum  argei; 
Ag        .SiCf     plienite. 


^7'  iZH'  g™^Methylamaulphemtecnmamm<Hifl8ulpl 

49'  I  Tb  's*n*f  B^^y'^'^^^y'^  stdphenite  cum  baryta  su 

50.  {  Ih"'*^™*  '  g^J  Ethylam  aulplfenite  cum  ammona  solph 
5'*  IH  'gifwf  Propy'*  Bulphenite  cmn  hydra  Bolphenii 


Group  B,  Hyposidphates  containing  Phenyl. 

ICH*       S*0*1 
^3*  lU   '      'giQi>Phenylasulphe[iitecQm  hydra  sulpbeuiti 

2i2 


484  THEORY  OF  POLYBASIC  AND  OONJUGATED  ACHS. 

Ra  \*(yi  ^rytic-phenyla  sulphenite  cum  baryta  sulphenite. 

Gboup  C.  Ifyposulphates  containing  Naphtyl. 
5  5  •  *!  PT  's»0*  I  ^*P^*'7^^  sulphenite  cum  hydra  sulphenite. 

Ra  '  ^W I  ^^  tic-naphtyla  sulphenite  cum  baryta  sulphenite. 

Group  D.  Hypo^ulpkates  containing  Ardsd,   (  Tduenyl  ?) 

}  (JHJ     ,S  O*  +  Ba,SO*l  Toluenyla  sulphete  cum  hydra  sulphete 
57'  I H         ,S  O*  +  Ba,SO*f      bis  baryta  sulphete. 

Q  j(7H'Ba,S'0*)  Bary tic  -  toluenyla  sulphenote   cum   baiyta  sul- 
5^-tBa        ,S*0»f      phenite. 

t  rvTi7      S*0* ) 
59'  iTT         's*0»i  Toluenyla  sulphenote  cum  hydra  sulphenite. 

Ghroup  E.    Amidogen  Hgposulphates. 

^^'  I      Tt'         •  ST)"  I  P^enylac  sulphenite  cum  hydra  sulphenite. 

^     j  ZBa,C*H*;  S'Cl  Bary tic-pheny lac  sulphenite  cum   baryta   sul- 
^''  t    Ba»         ;  S*0»f      phenite. 

^     jZAgjCTI*;  S*0*1  Argentic  phenvlac  sulphenite  cum  argenta 
^^'\   Ag         ;  S«0»f      phenite. 

^3'  I  7H*         •  S<0>i  ^^'^^  sulphenite  cum  amida  sulphenite. 
64.  ]  70'*        !  QtQsf  Phenylac  sulphenite  cum  bary  tec  sulphenite. 

Sulphites. 
Group  A.  Sulphites  containing  Badicals  of  ifie  Vinyl  Series, 


sol- 


65.  H;CEP 

66.  Ba;CIP 

67.  Ag;CIP 

68.  Pb  :  C  IP 


S*0*   Hydra  methyla  sulphenite. 

S*0*   Baryta  methyla  sulphenite. 

S*0'   Arge^Ja  methyla  sulphenite. 

S*0'    Plumba  methyla  sulphenite. 
,      r  Pb« ;  C  H*  ;  S*0*   Plumbine  methyla  sulphenote 
^'  \  =CH»,SO+Pb»,SO'  Methyla  sulphate  cum  plumbine  sulphite. 
70.       K  ;  C  EP  •;  S'O*   Potassa  methyla  sulphenite. 

f    K  ;  CIP  ;  S*0*)  Potassa  methyla  sulphenite  cum  hydra  me- 
7'-  \    H  ;  C  H»  ;  S*0«f      thyla  sulphenite. 

72.  H  ;  C«H*  ;  S'0»  Hydra  ethyla  siUphenite. 

73.  CH»;  C*H*  ;  S«0»   Ethyla  ethvla  sulphenite. 
74-        K ;  C"H*  ;  S«0»  Potassa  ethyla  sulphenite. 


THE  CONJUGATED  SULPH0-ACID8. 


48:j 


75.  Ag;  C"H*  ;  S'O*  Argenta  ethyla  sulphenite. 

76.  Ba ;  CTI*  ;  S*0"   Baryta  ethyla  sulphenite. 

77.  H ;  C*H" ;  S*0»  Hydra  amyla  sulphenite. 

78.  Ba;  CH" ;  S*0»   Baryta  amyla  sulphenite. 


Group 

79.  H 

80.  Cue 

81.  H 

82.  Ba 

83.  Ba 

84.  H 

85.  H 

86.  E 

87.  Ag 

88.  H 

89.  Ba 


B.  SidphiUs  of  the  Radicais  nCH«— H'  and  nCH*— H'«. 
C*  H*  :  SK)»  Hydra  phenyla  sulphenite. 


CH» 

CH» 
C*H'« 
C'«H7 
C^H^ 
C»*H' 


S'O*   Cupric  phenyla  sulphenite. 

S*0*  Hydra  toluenyla  sulphenite. 

S*0*   Baryta  toluenyla  sulphenite. 

SK)^  Baryta  xylenyla  sulphenite. 

S'C  Hydra  cumenyla  sulphenite. 

SK)*  Hydra  naphtyla  sulphenite. 

S*0*  Potassa  naphtyla  sulphenite. 

S'O*  Argenta  naphtyla  sulphenite. 
C>oH'* ;  S*0«   Hydra  thymyla  sulphenite. 
Qioijii .  s«Q8  Baryta  thymyla  sulphenite. 


90. 
91. 

92. 

93- 

94. 

95- 

96. 

97- 


Group  C.  Sulphites  oontaimng  CMoric  Vice-radicals, 

S'O*  Hydra  chloric-methyla  sulphenite. 

SHy  Hydra  chloreniomethyla  sulphenite. 

8*0*  Hydra  chlorinio-methyla  sulphenite. 

8*0*  Potassa  chloric-methyla  sulphenite. 

8*0*  Argenta  chlorenic-methyla  sulphenite, 

8*0"  Baryta  chlorinio-methyla  sulphenite. 

8*0"  Hydra  chlorinic-naph^la  sulphenite. 

8*0*  Hydra  bromenic-naphtyla  sulphenite. 


H 

;  C  H«Ci   ; 

Hj 

;C  HCl*; 

H. 

;C     a»; 

K, 

;  C  H"C1  ; 

Ag; 

;C  HCl«; 

Ba; 

C      Cl», 

H; 

C'«H*C1»; 

H; 

;  C»*H*Br«; 

Group  D.   Anddogen  Sulphites. 
98.  <    |T  'cQ«[  Amida  sulphate  cum  hydra  sulphete. 

99*  iCH'SO'i  Amida  sulphate  cum  methyla  sulphete. 

100. 1      '     H  •  SO*  I  ^^^7^^  sulphate  cum  hydra  sulphete. 

I       *     Ba'  S0*(  ^^^7^^^  sulphate' cum  baryta  sulphete. 

102.  <       '     A    I  ^>^,  [  Pheny lac  sulphate  cum  argenta  sulphete. 

iZH,C^H'i  80  It,  I        ,        ,  ,   ^  ,  ,   ^ 

^^3*  I  ZH*  •  SO'f  Toluenylac  sulphate  cum  ammona  sulphete. 

^^4*  {      '     K  •  gQi[  Toluenylac  sulphate  cum  potassa  sulphete. 


101. 
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{ZH  C**HT  •  SO  ) 
'     H  '  SO*(  ^^^P^^^  salphate  cum  hydra  solphete. 

Methtlodithionateb. 

1 06.  Zn ;  C  H" ;  (SOV  Zinca  methyla  bisulphate, 

107.  Ba ;  C  H* ;  (SOV  Baryta  methyla  bistalphate. 

108.  Mg;  C  H*;  (SOV  Magna  methyla  bisulphate. 

109.  Ca;CH«;(SOr  Galea  methyla  bisulphate. 
H  ;  C  IP ;  (SO)*  Hydra  methyla  bisulphate. 

Methyla  sulphate  com  hydra  salphate. 


109.  i-'a;  KJ  n.,  iOK 

{  H  ;CH«;(S( 

iioJ  JCH»,S0I 

I  '  t     H,SOf 


Ethylotrtthionates. 


111.  Zn 

112.  Ba 

113.  Ag 

114.  Cue 

115.  Na 

116.  CTI» 


CH» ;  (S0)»  Zinca  ethyla  trisulphate. 

CH* ;  ?S0)»  Baryta  ethyla  trisulphate. 

C"H^ ;  (SOr  Argenta  ethyla  trisulphate. 
^---y  -  ■    -  -  - 


C^*;  (S0)»  Cupric  ethyla  trisulphate. 

CTi* ;  (SO)'  Natra  ethyla  trisulphate. 

cm*;  (SOy  Ethyla  ethyla  trisulphate. 

C*H* ;  (SO)*  Hydra  ethyla  trisulphate. 

"  7- "{    «  j  ^^**|,^[  Ethyla  sulphate  cum  hydra  sulphenete. 


'■{  -  i 


IXVESTIOATION  OF  BiSULPHATES  OF  BaSIC  RADICALS. 

According  to  many  chemists,  the  salts  of  this  section,  Groops  A  and 
B,  Nos.  I  to  1 5,  are  conjugated  sulphates,  a  class  of  salts  in  which  the 
organic  radicals  are  supposed  to  be  combined  with  the  sulphur  and 
oxygen  into  monobasic  conjugated  acids.  I  have  examined  that  theoij 
in  the  Article  which  commences  at  page  399,  and  shown  that  it  is  not 
tenable,  and  that  these  salts  ought  to  be  described,  as  I  have  described 
them  in  this  Table,  as  double  sulphates. 

Each  salt  in  these  two  groups  has  four  atoms  of  oxygen.  In  Qtoop  A, 
the  organic  radicals  are  all  such  as  belong  to  the  vinyl  basic  series.  In 
Group  B,  they  are  such  as  belong  to  other  series,  but  none  of  them  have 
assumed  the  extra  atom  of  oxygen  which  distinguishes  certain  acid 
radicals  when  they  act  as  basic  radicals. 

Usual  Names  of  these  Bisulphates  of  Bask:  Radicals. — Group  A,  i  J. 
Sulphomethylic  acid.  The  atom  of  basic  hydrogen  is  replaceable  l^ 
any  other  basic  radical.  2].  Ethylosulphuric  acid,  or  solphovink 
acid.  The  basic  hydrogen,  H*,  is  replaceable  by  any  other  basic  radical, 
and  produces  a  great  variety  of  double  sulphates.  3].  An  example  of 
a  normal  sulphovinate,  which  is  commonly  said  to  be  monobasic  4].  A 
hiacid  sulphovinate.  5].  A  bibasic  sulphovinate.  In  this  case  one  of 
the  four  sulphates  contained  in   the  salt  has  0»,  in  consequence  of 
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the  presence  of  two  extra  basic  radicals,  the  analytical  formula  being 
Pb,SO*  +  PbjPbO.  Salts  etjuivalent  to  No.  3,  are  produced  by  ex- 
changing Pb  for  Zn\  Na,  K,  Ba,  L,  Sr,  Ca,  Mg,  Mn,  Zn,  &c. 
61.  The  barytic  salt  of  trityUulphuric  acid  =  CH'BaS'O',  Gerhardt. 
7 J.  Sulphobutylate  of  potash.  8],  Sulphamylic  acid.  9].  Octylsul- 
phuric  acid.  10].  Cetyl-sulphuric  acid.  All  these  acids  exchange  H^ 
for  any  other  basic  radical. 

Group  B. — iij.  Sulpho-phenic  acid.  The  H'  is  replaceable  by  a 
basic  radical.  12J  and  13]  seem  to  me  to  be  salts  of  precisely  the  same 
character  as  No.  1 1,  the  hydrogen  in  that  salt  being  replaced  by  CU'  to 
produce  12,  and  by  CH'Ba,  to  produce  13.  Gerhardt,  however,  con- 
siders No.  1 2  to  be  a  "  conjugated  acid.*^  He  calls  it  Methyl-sulpho- 
phenic  acid,  and  gives  it  this  ^rmula — 

C-HXCIP^OJs^ 

The  single  atom  of  hydrogen  represented  in  this  formula  he  represents 
to  be  replaceable  by  barium,  and  so  accounts  for  the  production  of  the 
salt  No.  13.  In  this  theory,  Gerhardt  assumes  that  the  radical  methyl 
replaces  one  atom  of  hydrogen  in  the  radical  phenyl.  Most  of  the 
modem  French  chemists,  following  Gerhardt,  frequently  resort  to  this 
practice  of  representing  the  hydrogen  of  hydro-carbons  as  replaceable  by 
other  complete  hydro-carbons,  atom  for  atom.  To  me,  this  practice  ap- 
pears to  be  highly  pernicious,  and  one  that,  if  carried  out,  would 
destroy  the  power  of  identifying  radicals.  But  it  is  as  unnecessary  as 
it  is  dangerous.  In  the  present  instance,  it  is  done  merely  to  accommo- 
date the  formula  to  the  barytic  radical  in  No.  13,  but  surely  it  is  better 
to  adopt  the  theory  of  *'  metallic  vice-radicdis^  page  137,  which  cannot 
possibly  produce  the  muddle  that  must  necessarily  ensue  from  admit- 
ting the  notion  that  hydro-carbons  can  replace  hydrogen  in  other  hydro- 
carbons, and  produce  compound  intermediate  hydrocarbons.  According 
to  Gerhardt,  the  organic  radical  which  is  present  in  methyl-sulphophenic 
acid  is  a  hydro-carbon  =  (JW,  This  agrees  in  composition  with 
toluenyl,  or  with  the  radical  which  is  commonly  assumed  to  be  present 
in  aniaole,  and  in  fact  Gerhardt  calls  the  acid,  not  only  methyl-sulpho- 
phenic add,  but  also  sulphanisolic  acid.  The  question  naturally  arises, 
what  radical  is  actually  present  in  the  salt  ?  Is  it  anisol,  or  toluenyl,  or 
methyl  plus  phenyl  or  any  other  combination  of  radicals  which  can 
together  amount  to  CflF?  Why,  without  the  slightest  necessity, 
shoold  we  adopt  a  practice  which  evidently  opens  a  door  to  such  inter- 
mini^le  oonfiision  ? 

14].  Thymylsnlphuric  acid,  or  snlphothymic  acid.     15].  The  baryta 
salt  of  that  "  conjugated  acid." 
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Investigation  of  Bisulphates  of  Acid  Radicai^ 
Examples  Nos.  16  to  42, 

These  salts  are  either  double  sulphates  or  triple  salts.  The  hydro- 
carbon that  is  preseut  in  each  of  them,  is  an  acid  radical.  Consequeiitiy, 
there  is  in  each  salt  an  addition  to  that  quantity  of  oxygen,  which  is 
required  to  complete  a  normal  sulphate,  when  its  hydrocarbon  is  ba^c 

I  will  introduce  the  explanation  of  these  salts  by  an  account  of  some 
recent  researches  by  MM.  Buckton  and  Hofmann  {Proceedings  of  the 
Eoyal  Society^  vii.  544,  and  viii.  1 58 ;  also  Quarterly  Journal  if  the 
Cftemical  Society.     1 8  5  6,  ix.  2  4 1 ) . 

When  acetamide  is  acted  upon  by  ftuning  oil  of  vitriol,  the  results 
are  such  as  may  be  represented  as  follows : — 

nzH\so»    \ 

IZH*,S0«     f 
H,(7H^) 

U6. 


ZH«,C-H»0)        J  {J'^' 

\   H,S*0» 
,C0« 


a. 


}- 


c. 


=  d 


Two  atoms  of  acetamide  and  eight  atoms  of  sulphuric  acid  prodaoe  in 
the  main  (for  the  products  vary  according  to  the  manner  of  conducting 
the  process)  as  follows : 

€L  Two  atoms  of  sulphate  of  ammonia.     These  carry  off  the 

nitrogen. 
h.  A  combination  of  one  atom  of  hydiated  acetic  acid  with  two 

atoms  of  hydrated  sulphuric  acid  =  No.  16]. 
c.   A  double  or  acid  hyposulphate  of  methyl  =  No,  44. 
c?.  An  atom  of  carbonic  acid,  set  free. 

The  methods  of  separating  the  three  salts,  a,  5,  c,  are  described  bf 
MM.  Buckton  and  Hofmann,  but  need  not  be  repeated  here.  Bf 
operating  upon  other  am  ids  in  this  manner,  similar  results  w&e  ob- 
tained. Each  decomposition  affording  a  salt  belonging  to  the  Biml* 
phates  of  Acid  Radicals  in  company  with  another  salt  belonging  to  the 
Double  Hyposulphates  with  basic  radicals.  The  production  of  the  salt 
c  depends,  of  course,  upon  the  reduction  of  the  acid  radical  to  the  cor- 
responding basic  radical  by  the  expulsion  of  C^  That  is  efiected  br 
iMing  a  sufficient  excess  of  acid,  and  a  suitable  high  temperature :  €30^ 

then  flies  off,  and  the  nascent  baisic  radical  combines  with  the  sulphuric 

acid. 

Group  A.     Bisulphates  of  RadicaU  of  the  Vinyl  Series,  Nos.  16 
to  25. 
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1 6].  H,C*H»0»  4- 2(H,S0«) 

This  triple  acid  can  be  obtained  in  the  state  of  dehydrated  crystals  that 
have  the  composition  represented  by  the  formula.  The  usual  crystals 
contain  i  aq.  in  addition  to  what  is  represented  in  the  formula.  This 
compound  is  the  sulphacetic  acid  of  organic  chemists :  Melsen's  formula 
for  it  is  C*(H«S0»)0«,S0'2H0  +  2Aq.  By  an  abstraction  of  HHO, 
the  compound  No.  i6  is  reduced  to  No.  17. 

17].  C*IP,SO»  +  H,SO«. 

Miller's  formula  for  sulphacetic  acid  is  2HO,C*H*S*0',  and  Hofinann's 
formula  is  C*H*S*0*',  both  of  which  represent  it  as  a  bibasic  conjugated 
acid.  I  have  not,  however,  met  with  any  analysis  of  an  acid  of  this 
composition,  although  the  form  agrees  with  that  of  many  of  the  normal 
'Salts. 

18].  C"IPBa,SO»  +  Ba,SO«. 

The  sulphacetate  of  barytes.  Hofmann's  formula  =  C*(HT3a«)S"0^ 
Gmelin's  formula  =  C*H*Ba«0*,2S0».  Miller's  formula  =  2BaO, 
C*H*S*0".  These  formulae  all  intimate  the  presence  of  a  bibasic  conju- 
gated acid. 

Now,  let  us  examine  this  point,  whether  the  evidence  is  sufficient  to 
prove  the  existence  in  these  salts  of  an  acid  radical  which  is  conjugated 
of  acetyl  and  sulphur. 

Suppose  the  acid  No.  16  to  be  deprived  of  an  atom  of  HHO.  The 
residues  would  be  (?H',H,S,S,0*,  and  the  question  to  be  solved  is, 
in  what  order  do  these  atoms  combine  with  one  another  to  form  a  com- 
pound salt? 

,   .,         H,C«H«SO»  C*H",S0»9 

IS  It  so:  jj^        gQ,;orso:      ijgQi- 

According  to  the  first  supposition,  we  have  a  double  salt,  containing  a 
sulphic  vice-radical,  such  as  I  have  described  at  page  136,  which  radi^, 
in  this  case,  is  sulphacetyl  =  CH'S,  where  H*  is  replaced  by  S\  sub- 
ject to  the  addition  of  O*  to  the  oxygen  of  every  salt  into  which  the 
conjugated  radical  enters.  This  supposition,  as  I  have  shown  at  page 
1 37,  agrees  with  the  composition  of  the  salts ;  and  according  to  it,  the 
salt,  No.  18],  cited  above,  would  be  represented  by  the  formula : 

Ba,C«H«SO»  -f-  Ba,SO«. 

Bat  this  supposition  leaves  out  of  consideration  the  important  fact,  to 
which  I  have  adverted  in  the  beginning  of  this  Section,  namely,  that  an 
add  radical  can  act  the  part  of  a  basic  radical,  provided  an  addition 
x>f  oxygen  is  made  to  its 'salts.  On  that  principle  the  formula  No.  17 
is  founded ;  for  in  the  salt  which  that  formula  represents,  we  have  a 
sulphate  with  acetyl  for  its  basic  radical,  and  consequently  with  0"  as 
its  quantum  of  oxygen. 
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The  objection  that  applies  to  this  formda  is,  that  solphacetic  add 
(like  all  the  acids  of  tiiis  category)  is  bibasic,  while  the  double  acid, 
represented  by  formula  1 7,  contains  but  one  atom  of  basic  hydrogen.  To 
meet  that  objection,  another  fact  comes  into  play,  namely,  tlie  fact  that 
hydrocarbons,  when  acting  as  basic  radicals,  can  exchange  an  atom  of 
hydrogen  for  a  metal,  and  produce  a  metallic  vice-radicaL  I  have 
proved  this  to  be  the  case  in  so  many  instances,  that  I  do  not  hedtate 
to  cite  it  as  a  &ct  that  is  incontestable. 

These  considerations  drive  the  argument  into  a  comer.  We  have  to 
dioose  between  these  two  proljabilities :  does  acetyl  in  the  solphacetates 
exist  as  an  acid  radical  in  combination  with  sulphur  =  CH'S,  or  as  a  bask 
radical  in  combination  with  a  metal  =  C*H'M?  I  am  deddedly  in 
fiivour  of  the  latter  opinion,  and  I  do  not  now,  as  I  once  did,  considec 
the  existing  evidence  to  be  in  favour  of  the  occurrence  of  sulphic  radictk. 
When  I  wrote  the  Article  on  sulphic  radicals  at  page  136,  and  those  <m 
the  sulphur  salts  of  indigo  between  pages  269  and  274, 1  was  &voiar- 
able  to  the  theory  of  sulphic  radicals ;  but  the  &cts  developed  duriz^ 
the  investigation  into  the  polyatomic  alcohols  respecting  the  power  of 
acid  radicals  to  act  as  basic  radicab  under  certain  conditions  of  sozoxida- 
tion,  together  with  the  ever-increasing  proof  of  the  existence  of  base 
hydrocarbons  containing  metals  by  substitution  for  hydrogen,  have  com- 
pletely changed  my  opinion;  and  I  now  consider  that  the  evidence 
which  tends  to  prove  the  existence  of  sulphic  radicals  is  outweighed 
by  that  which  tends  to  prove  the  contrary,  and  consequently  that 
we  have  no  right  to  assume  that  such  things  as  conjugated  sulpha-acids 
exist.  I  shall  show  that  all  the  salts  that  are  collected  under  this  head 
are  subject  to  an  interpretation  which  is  independent  of  the  theory  of 
conjugated  acids. 

I  conclude,  therefore,  that  the  salt  No.  18  is  properly  represented  as 
a  double  sulphate,  one  of  the  salts  being  in  its  normal  state,  and  the 
other  containing  baiytic-acetyl,  and,  therefore,  an  addlti<aial  atom  of 
oxygen. 

T        C«H»  ,S0»        H  ,C"HW         •. 
I9«J-  =  HBa«,SO«  ^'  (Ba,SO«)«,  =  ^9J- 

The  barytic  salt  No.  19  is  procurable  in  crystals,  which  may  be  ex- 
plained by  either  of  these  two  formulae.  According  to  the  first  fomiula, 
we  have  a  sulphate  of  acetyl  combined  with  a  terbasic  sulphate.  Botii 
salts  contain  O",  the  first  because  of  the  presence  of  an  acid  radical,  liie 
second  because  of  the  presence  of  three  basic  radicals.  According  to  tiie 
second  form  we  have  hydrated  acetic  acid,  in  combination  with  twoatooM 
of  sulphate  of  barytes.  This  farm  agrees  with  the  hydrated  add  No.  16, 
and  is,  I  think,  the  most  probable.  When  this  salt  is  heated,  HHO 
goes  away,  and  a  new  arrangement  of  atoms  occurs,  which  produces  the 
salt  No.  1 8. 
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ao].  C*H«Ag,SO»  +  Ag,SO", 

the  silver  salt  of  the  same  acid.  Namerons  other  salts  might  be 
quoted,  but  none  which  afford  additional  evidence  on  the  point  now 
discussed.  In  matters  of  this  sort,  cumulative  concurrent  evidence  adds 
to  the  probability  of  the  truth  of  a  theory,  but  does  not  make  it 
(xrtain, 

2i1.  C»H*Ba  ,S0»  +  Ba  ,SOV 

22".  C»H*       ,S0»  +  H    ,S0». 

23'.  ZH»,On»,SO»  +  ZH*,SO». 

24].  C*H-Ba  ,S0»  +  Ba  ,S0». 

2  5 J.  CW       ,S0»  +  H    ,SO 

.  Umd  Names:— 21].  Sulphopropionate of  barium  =  C«(H*Ba')SK)'*, 
Buckton  and  Hofmann.  22].  Sulphopropionic  acid.  23].  Sulphopro- 
pionate of  ammonium  :  (the  relation  of  this  salt  to  the  acid  No.  22, 
plus  two  atoms  of  ammonia  »  ZfiCH  4-  ZH'H,  is  seen  at  a  glance). 
24].  Sulphobutyrate  of  barium  =  C"(ffBa')S*0'*,  Buckton  and  Bof- 
mann,     25].  Sulphobutyric  acid. 

These  salts  differ  from  the  sulphacetates  only  by  the  substitution  of 
propionyl  a  C»H»,  and  butyryl  =  C*H',  for  acetyl  =  C«IP.  The  theory 
which  applies  to  sulphacetic  acid  applies  to  every  acid  of  this  description. 
It  is,  I  think,  wrong  to  call  them  *'  acids."  They  are  simply  double 
sulphates  modified  by  the  quantity  of  oxygen  which  is  governed  by  the 
organic  radicals  and  metallic  vice-radicals. 

Group  B.  Bisuiphates  containing  Benzyl,  Nos.  26  to  34. 

No.  26  in  this  series  is  sulphobenzoic  acid,  and  the  other  salts,  from 
27  to  34,  are  sulphobenzoates.  The  theory  of  these  salts  is  precisely 
similar  to  that  of  the  preceding  group,  and  it  is  useless  to  cite  them 
individually  for  discussion.  One  or  two  points  may  be  noticed.  No.  27, 
the  monobarytic  salt,  is  a  form  that  has  not  yet  been  found  among  the 
salts  of  the  preceding  group.  The  salts  Nos.  31  to  34  have  been  recently 
described  by  Limpricht,  who  is  of  opinion  that  the  acid  of  No.  31  con- 
tains not  only  sulphur  and  benzyl  but  ethyl.  He  calls  it  ethyl-sulpho- 
benzoic  acid.     The  ammonia  salt,  No.  32,  he  calls  ethyl-sulphobenzoate 

of  ammonia,  and  the  formula  which  he  gives  for  it  is  /fHTT5\;KJTJ4fO\ 

My  interpretation  of  these  salts  is  entirely  diiTerent  I  consider  No.  31 
to  be  a  double  sulphate,  but  having  O^  extra,  because  of  the  presence  of 
h&ayl  in  the  condition  of  its  basic  radical :  the  ethyl,  of  course,  demands 
no  additional  oxygen.  When  a  metal  acts  upon  this  double  salt,  the 
odd  atom  of  hydrogen  in  the  ethyl  is  exchanged  for  it,  and  thus  the  salts 
33  and  34  are  produced.  When  ammonia  acts  upon  No.  31  it  simply 
converts  the  ethyl  into  ethylam,  which,  bemg  a  normal  ammonam,  de- 
mands no  additional  oxygen,  as  is  seen  in  No.  32. 
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Group  C.  Biavlphates  containing  Avjtst/l,  Cinnamyl,  and  Spkyh 

Nos.  35  to  43. 

The  bisnlphates  that  contain  anisyl  have  been  recently  investigBted 
by  Zervas,  under  the  guidance  of  Hofmann  {Proceedings  of  the  Royal 
Society y  1857,  viii.  494;  Quarterly  Journal  Chemical  Society y  1857, 
X.  211).  The  compounds  were  prepared  by  the  action  of  iaxojDg 
sulphuric  acid  on  anisic  acid. 

35].  H,C"IFO"  +  2(H  ,S0«). 
36J.  H,CIFO»  -h  2(Ba,S0«). 
37].  H,C?»ffO»  +  2(Pb,S0«). 

These  were  crystallised  salts,  for  which  the  discoverer  gives  the  following 
formuUe : 

for  35,     C*«H"»        S«0"  +  2aq. 

for  36,     C»«(H«Ba«)S«0"  +  2  aq. 

for  37,     C*'(HTb«)S«0"  +  2  aq. 

No.  35  is  called  sulphanisic  acid,  and  the  others  are  sulphamsates. 

38].  CW  ,S0*  +  H  ,S0«. 
39].  C»H«Ba,SO*  -h  Ba,SO«. 
40J.  C»H«Pb,SO*  +  Pb,SO*. 

No.  38  is  produced  by  heating  the  crystals  of  35  at  100®  C.  No.  39, 
by  heating  the  crystals  of  36  at  170°  C.  No.  40,  by  heating  tbe 
crystals  of  37  at  176°  C. 

Theory » — There  is  here  no  evidence  of  the  formation  of  the  *'  ooojo- 
gated"  sulphanisic  acid.  The  first  three  salts  are  combinations  of  sulphates 
with  hydrated  anisic  acid.  The  others  differ  from  these  in  consequeDce 
of  having  each  undergone  an  abstraction  of  HHO.  The  efiect  of  this 
abstraction  of  HHO  is,  to  throw  the  anisyl  into  the  condition  of  a  basic 
radical,  and  as  tliis  acid  radical  requires  O*  for  its  normal  salts,  on  be- 
coming basic,  it  carries  with  it  O*,  and  consequently  raises  the  oxygen 
of  the  sulphate  into  which  it  enters  from  O"  to  0\  In  this  respect  only 
do  the  sulphanisates  differ  in  principle  from  the  sulphacetates  and  sol- 
phobenzoates. 

CH^       S0»  +  H,  S0«. 
C»H«Ag,SO*  +  Ag,SO«. 

No.  41  is  the  sulphocinnamic  acid,  and  42  its  silver  salt.  There  are 
many  other  salts  similar  to  No.  42.  It  is  evident  at  a  glance  ^at  these 
salts  resemble  those  which  contain  benzyl,  group  B,  and  that  they  require 
no  other  theoretical  explanation. 

43].  (7H»,S0*  +  H,SO\ 

Hofmann  quotes  this  formula  (or  rather  he  quotes  C**H*S*0")  as  that  of 
another  new  conjugated  acid,   the  sulpho-salicylic  acid,  recently  dis- 


40- 

42]. 


.  ■   'fl^ 
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covered  by  Mr.  Baldwin  Duppa.  No  particulars  are  given  respecting 
the  salt.  The  correctness  of  this  formula  is  doubtful.  CH*  represents 
spiryl,  not  salicyl,  but  spiryl  could  scarcely  require  O*  in  its  sulphate. 

Investigation  of  Double  Hyposulphates. 

A  Hyposulphate  contains  two  atoms  of  sulphur,  three  atoms  of 
oxygen,  and  one  positive  radical  (see  page  172).  There  is  no  d  priori 
argument  against  the  possibility  of  the  formation  of  double  hypo- 
sulphates.  I  conclude  thence,  that  the  salts  in  the  Table,  from  No.  44  to 
59,  are  all  double  hyposulphates,  and  that  they  contain  no  conjugated 
acids  of  any  description  whatever.  It  may  be  urged  in  opposition  to  this 
opinion,  that  the  properties  and  reactions  of  these  salts  are  not  in  accord- 
ance with  the  properties  and  reactions  of  hyposulphates ;  but  it  does  not 
appear  to  me  that  the  properties  and  reactions  of  hyposulphates  are,  at 
present,  known  with  such  perfection  that  much  reliance  can  be  placed 
on  arguments  which  depend  solely  upon  that  knowledge. 

The  process  by  which  these  salts  are  produced  has  been  described  in 
general  terms  at  page  488. 

•  All  the  basic  radicals  that  are  contained  in  the  salts  that  ibrm  groups 
A,  B,  C,  are  ti-uly  basic,  and  therefore  they  bring  no  additioanl  oxygen 
into  the  salts.  In  group  D,  we  perceive  the  radical  CH^  the  nature  of 
which  I  do  not  imderstand,  but  which  has  evidently  the  power  of  an 
acid  radical  of  the  benzyl  series,  and  consequently  adds  O'  to  its  salts. 

All  the  other  particulars  that  are  exhibited  by  the  formulflp,  from 
Nos.  44  to  59,  have  been  so  fully  discussed,  that  the  reader  will  imme- 
diately comprehend  the  meanings  that  these  formulae  are  intended  to 
convey.  But  as  the  discovery  of  these  salts  is  but  recent,  and  as  their 
discoverers  are  impressed  with  the  conviction  that  they  have  discovered 
five  or  six  New  Acids,  I  will  quote  some  of  their  names  and  formulffi. 
My  impression  is,  that  the  salts  are  hyposulphates,  and  nothing  else. 
If  this  impression  is  correct,  I  apprehend  that  little  favour  is  due  to  mere 
names  which  imply  the  existence  of  conjectural  conjugated  acids.  Not 
one  such  acid  ought  to  be  recognised  as  existent  without  conclusive 
evidence  in  its  favour.  The  law  of  simplicity  commands  us  to  admit  in 
chemistry  of  the  existence  of  no  greater  variety  of  substances  than  nature 
actually  produces ;  they  are  numerous  enough  in  all  conscience.  Every 
new  conjugated  acid,  and  every  new  polyatomic  base,  which  speculative 
chemists  adopt  inconsiderately  and  without  necessity,  is  an  injury  to  the 
exactness  and  an  obstacle  to  the  progress  of  true  science. 

Groups  A  and  B.    Names  and  FarmuIcB  given  by  Messrs.  Buckton 

and  Hofmann, 

44].  Disulphometholic  acid  =  C"  H*S^". 

45].  Disulphometholate  of  barium  =  C«(IPBa*)S'0^*. 
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46] 

47 
48 

49J 
50, 
51 
52 

53, 
54. 


Disulphometholate  of  silver  =  C*(H«Ag*)SH3« 
Disalphometholate  of  Ammonium  =  C«[IP(NH*)*]S*0". 

Di^^llphetholic  acid  =  C*  H^S^O*'. 

Disulphetholate  of  barimn  =  CYH^Ba*)SX)"*. 

Disulphetholate  of  ammonium  =  C1;H*(NH*)«]S^". 

Disulphopropiolic  acid  =  C(H*)S*0**. 

Disulphopropiolate  of  barium  =  C«(H«Ba*)SX)* 

Disulphobenzolic  acid  =  C'«H«S*0»«- 

Disulphobenzolate  of  barium  =  C«(H*Ba«)S*0»*. 


Group  C.   Names  quoted  by  Gerhardt, 

55].  Disulphonaphtalic  add;  thionaphtic  acid;    hypoaali^oiiaphtic 
acid  =  C«IPS*0«  =  C"H«  +  4(S0',H0)  -  4HO. 
56.  Disulphonaphtalate  of  barytee  =  C»H«Ba«S*0". 

Group  D.  Names  of  Zervas  and  Hqfrnann. 

57].  Disulphanisolate  of  barium  =  C"(H«13«P)S*0"  +  2  aq.  This 
salt  is  evidently  a  quadrarsulphate,  the  four  basic  radicals  of  which 
are  Ba,  Ba,  (7H^  and  H.  The  salts  Nos.  58  and  59  were  ui/emdio 
exist,  rather  than  proved  to  exist,  by  these  chemists. 

Looking  over  these  salts,  there  seems  to  be  no  evidence  to  £eivoar  the 
assumption  of  the  existence  of  a  series  of  conjugated  sulpho-adds,  but 
much  to  prove  the  accuracy  of  the  formulae  which  are  given  in  the  Table, 
and  according  to  which  these  salts  are  all  hyposulphates. 

The  radical  marked  C'H^  is  derived  from  anisyl  C*IF  by  abstractkm 
of  C^  Hofmann  calls  it  anisol.  Is  it  toluenyl  «s  <JW,  or  some  other 
isomeric  radical  ?  It  acts  here  as  an  acid  radical,  whereas  tolaenyl  acts 
as  a  basic  radical  (see  No.  81). 

Group  £.  Amicbgen  Hyposulphates, 

Usual Names.'^o].  Disulphanilic  acid  =  C^SnUB^O^^  Buckton  and 
Hofmann.  61].  Disufphanilate  of  barium  =  C»XH*Ba*)NS*0'*;  B.  cu^dK 
62].  Disulphanilate  of  silver  =  C»(H*Ag»)NS*0'*,  B.andH.  63].  Di- 
thiobenzolic  acid  =  C^«H»N*S*0»«,  HUkenkamp.  Phenyldisolphodiamic 
acid,  Hofmann.  64].  The  barium  salt  of  that  acid.  The  salts  of  this 
group  have  been  described  at  page  240.  There  is  a  peculiaritv  in  thdr 
composition  which   I  do  not  understand.     If  HHO  is  added  to  the 

amidogen  salt  No.  60  we  produce  2H»,CTI*  j  |^  | .  The  upper  member 

of  this  salt  represents  twice  as  much  sulphur  and  oxygen  as  bekwigs  to 
a  sulphate  in  combination  with  only  one  basic  radical. 

If  2  (HHO)  is  added  to  the  double  amidogen  salt  No.  64  we  produce 
ZIP,C«H»;  S"0*|  t        *- 

ZH*,Ba*   ;  S"0*J  •    "^^  ^  *  double  salt,  with  a  similar  disproportion  of 
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acid  radicals  to  basic  radicals.  Other  examples  occur, — see  page  241, — 
in  which  amidogens  seem  to  be  equally  competent  with  ammoniums  to 
act  as  basic  radicals  in  hyposulphates. 

Investigation  op  the  Sulphites. 

A  sulphite  contains  two  atoms  of  sulphur,  three  atoms  of  oxygen,  and 
two  positive  radicals.     See  pages  171  and  237. 

The  salts  described  in  the  Table,  from  Nos.  65  to  97,  are  all  formed 
in  accordance  with  these  particulars,  and  consequently  are  entitled  to  be 
called  sulphites.  The  common  practice  of  organic  chemists  is,  however, 
to  represent  them  as  salts  of  conjugated  acids,  chiefly  under  the  sup- 
position, that  the  organic  radical  which  is  present  in  each  salt  is  not 
present  in  the  character  of  a  basic  radical,  but  is  conjugated  with  the 
sulphur  into  a  compound  acid  radical.  The  arguments  by  which  that 
supposition  is  supported  have  been  examined  in  the  article  which  com- 
mences at  page  399,  in  which  I  have  shown  that  the  evidence  adduced^ 
instead  of  proving  the  existence  of  conjugated  acids,  proves  exactly  the 
reverse.  Referrhig  the  reader  to  those  arguments  and  fitcts,  I  assume 
here,  that  all  the  compound  radicals  which  appear  in  this  Table  are 
present  in  the  salts  in  the  condition  of  basic  radicals,  that  the  salts  are 
sulphites,  and  that  the  theory  of  conjugated  acids  is  totally  inapphcable 
to  every  one  of  them. 

£ven  the  chloric-  and  bromic-vice-radicals,  some  of  them  containing 
two  or  three  atoms  of  chlorine  or  of  bromine,  with  no  hydrogen,  still  act 
in  these  salts  as  basic  radicals,  and  have  no  effect  on  the  quantum  of 
oxygen  which  is  demanded  by  the  sulphur  for  the  formation  of  normal 
sulphites. 

Group  A.  Sulphites  Moith  Alcohol  Radicals,    Nos.  65  to  78. 

65].  H ;  CH»;  S'O'  =  CH»,SO  +  H,SO».  The  H  being  replaceable, 
this  acid  gives  rise  to  the  salts  that  are  formulated  in  Nos.  66  to  7 1 ,  and 
to  many  others.  This  add  has  been  called  Sulphosomethylic  acid. 
Hyposulphomethylic  acid,  Gmdin,  Acide  m^thyl-sulfureux ;  acide 
methyl-<Uthionique,  or  sulfomethylnsulfurique 


C«H*S»0»  =  ^H  o}^*^'  Gerhardt. 


Acide  sulfoformique,  Laurent,  Methylunterschwefelsaure,  or  Hydrated 
hyposulphate  of  methyl  =  C^",S'0*,HO,  Kdbe,  In  applying  the  term 
hyposulphate  to  a  salt  of  this  formula,  Kolbe  seems  to  liave  considered 
only  the  relations  of  the  sulphur  and  oxygen,  and  to  have  forgotten  that 
with  these  proportions  of  S  and  O,  the  presence  of  two  basic  radicals 
makes  a  sulphite,  while  a  hyposulphate  requires  only  one  basic  radical. 
Bat  probably  Kolbe  was  guided  in  his  opinion  by  the  notion  that  in  this 
case  the  hydrogen  alone  acted  as  the  basic  radical,  and  that  the  methyl 
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=  C*H*  acted  merely  as  a  neutral,  indifferent,  powerless,  hanger-on,  like 
the  basic  radicals  in  his  copulated  oxalates,  which  I  have  described  at 
page  408.  However,  the  mistaking  of  sulphites  for  hyposulpbates  is 
not  peculiar  to  Kolbe,  but  is  a  common  practice  among  organic 
chemists. 

66]  to  71].  These  are  salts  of  the  "acid"  No.  65,  and  ther^ire 
demand  no  particular  explanation.  No.  71  is  a  double  or  acid  sak. 
No.  69  is  a  salt  one  half  of  which  is  terbasic.  In  this  example  we  have 
the  proportions  of  S  and  O  which  are  proper  to  a  normal  sulphate,  hot 
with  twice  the  ordinarv  number  of  basic  radicals. 

72].  H ;  CH* ;  SH>»  =  C*H»,SO  +  H,SO*.  This  is  commonly  calkd 
the  Ethylosulphurous  acid.  Nos.  73  to  76  are  examples  of  its  salts,  of 
which  many  more  might  be  quoted.  No.  73  is  also  called  the  sulphitp 
of  ethyl,  and  affords  an  instance  of  an  organic  salt,  which,  for  a  wonder, 
organic  chemists  have  omitted  to  convert  into  a  conjugated  add. 

77].  The  hyposulphamylic  acid.     78].  Its  barium  salt. 

Group  B.  Sulphites  containing  Radicals  of  the  Series  mCH*  —  W, 

and  nCH*  -  H". 

79].  H ;  CH* ;  S«0»  =  CTI»,SO  4-  H,SO«.  All  the  salts  of  Group  B 
have  this  constitution.  The  H,  of  course,  is  replaceable  by  a  basic 
radical,  and  gives  rise  in  each  case  to  a  series  of  salts. 

Usual  names.  79].  Funeschwefelsaure,  Gmelin,  Acide  phenyl-ail- 
iureux  or  acide  sulfobenzidic 

=  T:rr)[  Gerhardt, 

Hyposulphobenzidic  acid,  Gregory.  Sulphobenzolic  acid  =  HO,C**H*SV, 
MiOer.  80J.  The  copper  salt  of  the  acid  79.  81].  Sulphotolaylic  add. 
Thiotoluic  acid.  Acide  sulfobenzoc^nique.  Toluolschwefelsfture.  82]. 
Its  barium  salt  83].  The  barium  salt  of  xylenyl-sulphurous  acid,  or 
Sulpho-xyloic  acid.  84].  Cmnenyl-sulphurous  acid.  Sulphocomenic 
acid.  85].  Sulphonaphtaiic  acid.  Naphtyl-sulphurous  acid.  Hypo- 
sulphonaphtalic  acid.  Naphtyl-dithionic  acid.  86  and  87].  Salts  of  the 
acid  No.  85.  88],  Thymyl-sulphurous  acid,  Sulphocymenic  add,  or 
sulphocamphic  acid,  Gerhardt.     89].  Its  barium  salt 

Group  C.  Sulphites  containing  Chloric  Vice-Eadicals, 

The  salts  Nos.  90,  91,  92,  differ  from  the  salt  No.  65,  only  by  the 
substitution  of  chloric-,  chlorenic-,  and  chlorinic-methyl,  in  the  place  of 
normal  methyl.  The  resulting  salts  retain  the  usual  form  and  the  usual 
quantity  of  oxygen.  The  salts  Nos.  93,  94,  and  95,  differ  to  the  same 
extent  from  the  normal  salts  Nos.  70,  67,  and  66.  The  salts  Nos.  96 
a«id  97,  differ  from  the  salt  No.  85,  only  by  the  replacement  of  naphtvl 
by  chlorinic-  and  bromenic-naphtyl. 


THE  CONJUGATED  SCLPHO-ACIDS.  497 

Nevertheless,   these    simple   relations   have   been  overlooked,  and 
chemists  have  given  to  these  salts  a  variety  of  very  complex  names  and 
formnlsB,  depending  upon  equally  complicated  and  diversified  theories ; 
for  a  full  account  of  which  I  refer  the  reader  to  Gmelin's  Homdbook  of 
Chmistry,  vii.,  395  to  303,  and  ,51. 

Usual  names,  90].  Chloro-sulphosomethylic  acid,  Gmelin.  Chlor- 
elayl  -  UnterschwefelsUure,  chlordaylhyposulphuric  acid,  or  chloro- 
methylodithionic  acid 


=  H0 


.  (C  l^'^S^.O*,  Kdbe. 


Acide  sulfoformique  chlor^,  Laureni,  Acide  m^tholique  chlorosulfnr^, 
Gerhardt.  93].  One  of  its  salts.  91].  Bichlorosulphosomethylic  acid, 
ChmUn,  Chlorformyl  -  UnterachwefelsUure,  Dichloromethylodithionic 
acid»  or  chloroformylohyposulphuric  acid 


=  HO 


.C*|^p)'^S«,0*,  JTo/Se. 


Acide  sulfoformique  bichlore,  Laurent,  Adde  metholique  bichlorosul- 
fur^,  Gerhardt,  94].  Its  silver  salt  92].  Terchloro-sulphosomethylic 
acid,  Grmelin,  Terchlorinated  Sulphosomethylic  acid,  Gmelin,  Chlor- 
kohlen-Unterschwefelsaure,  chlorocarbohyposulphuric  acid,  or  trichloro- 
methylodithionic  acid  =  HO .  (C'CP)^S«,0*,  Kolbe.  Acide  sulfofor- 
mique trichlor^,  Laurent,  Acide  metholique  trichlorosulfur^,  Gerhardt. 
95].  Its  barium  salt  According  to  Kolbe,  the  chloric  vice-radical  which 
forms  part  of  each  salt,  is  copulated  with  the  two  atoms  of  sulphur  into 
a  single  acid  radical.  That  process  apparently  converts  the  salts  irom 
sulphites  into  hyposulphates.  But  there  is  no  evidence  that  this  copula- 
tion takes  place ;  the  salts  can  be  described  with  simplicity  as  sulphites ; 
and  the  existence  of  the  copulated  hyposulphates  is  highly  improbable. 
96].  Trichloro-sulphonaphtalic  acid 

97].  Bibromo-sulphonaphtalic  acid 


=  OJC-f  (BO W,  GerJ.^, 


In  these  last  two  formulae,  chlorinic-naphtyl,  or  bromenic-naphtyl,  in 
company  with  two  atoms  of  sulphur  and  two  atoms  of  oxygen,  are  made 
to  be  collectively  equal  to  H*.  This  arbitrary  ascription  of  the  model  of 
water  to  compounds  which  are  evidently  double  salts  is  not  to  be  justi- 
fied.    The  manuiacture  of  conjugated  acids  in  this  easy  way  is  a  farce. 

Group  D.  Amidogen  Sulphites.    Nos.  98  to  105. 

The  salts  of  this  group  have  all  been  described  in  former  sections, 
and  it  is  consequently  ne^ess  to  dwell  upon  them  again  in  detail.    The 
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amidogen  sulphites  are  all  to  be  considered  as  double  sulphates  minus 
HHO ;  for  if  we  suppose  an  addition  of  HHO  to  be  made  to  each  of  the 
salts  in  this  Table,  they  immediately  become  converted  into  noraial 
bisulphates  or  double  sulphates.     Thus : 

JJ-,  ZH«,SO  +  HHO  JZH*,SO' 

9">     H  ,S0*  "  t  H  ,S0» 

.    ZH,C'»ir;  SO  +HHO  _  fZH»,C"'IF;  S0» 
'^5>  H  ;  S0»  "1  H  ;  SO* 

Usual  Names,  98].  See  312,  page  233.  99].  Sulphomediylaiie ; 
see  320,  page  237.  100].  SulphanUic  acid;  see  321,  page  237,  and 
28,  page  285.  loi]  and  102].  Salts  of  sulphanillc  add ;  see  Nos.  324 
and  323,  page  237,  and  No.  29,  page  285.  103]  and  104].  Thk^- 
nates;  see  Nos.  331  and  332,  page  240.  105].  Thionaphtamic  acid; 
see  No.  329,  page  240. 

Intestiqation  of  the  Methtlodithionates.  The  Methylodithio- 
nates  have  recently  been  described  by  Dr.  J.  T.  Hobeon  {Quarto^ 
Journal  of  the  Chemoal  Society ,  1857,  x.  248,)  as  part  of  a  **  New  Series 
of  Organo-Thionic  Acids."  The  name  methylodiihumates  was  not  weQ 
chosen,  because  Gerhardt  has  already  applied  it  to  another  series  of  saits, 
the  add  sulphites  of  methyl,  forming  Group  A  of  this  Table ;  see  note 
to  No.  65.  Dr.  Hobson's  methylodithionates  were  prepared  by  acting 
upon  zinc-methyl  with  sulphurous  add.  The  formuke  whidi  he  gives, 
as  representing  the  results  of  the  analyses,  are  as  follow : — 

106].  Methylodithionate  of  Zinc  ZnO,S»  \^^\ 

107].  Methylodithionate  of  Baryta      BaO,S"  .|^^[ 
108].  Methylodithionate  of  Magnesia  MgO,S*  I  ^^  I 

109].  Methylodithionate  of  Lime        CaO,S*  ^  /y  f 

1 10].  The  '*  acid"  was  found  to  be  very  unstable,  and  could  not  be 
procured  in  a  condition  fit  £ot  analysis.  Its  composition  was  calcdatsd 
from*  that  of  the  salts. 

It  appears  to  me,  that  this  **  methylodithionic  acid"  has  no  enstenoe, 
and  that  these  salts  are  hyposulphites,  constituted  in  accordance  with  the 
formula  which  I  have  explained  in  the  artide  commendng  at  page  i6a 
The  salt  No.  106,  for  example,  is 

CIP,SO  -f-  Zn,SO  Methyla  sulphate  cum  zinca  sulphate. 
The  other  salts  are  constituted  in  a  similar  manner. 


the  conjugated  sitlpho-acids.  499 

Investigation  op  the  Ethylotrtthionates. 

The  Ethylotrithionates  have  been  described  by  Dr.  J.  T.  Hobson 
(  Quarterly  Journal  of  the  Chemical  Society ^  1857,  x.  55).  They  were 
produced  by  acting  on  zinc-ethyl  with  sulphurous  acid.  They  are,  like 
the  methylodithionates,  stated  by  Dr.  Hobson  to  be  part  of  a  **  New 
Series  of  Organo-Thionic  Acids.'  The  formul®  which  he  assigns  to  the 
salts  are  as  follow  (I  omit  water  of  crystallisation)  : — 

ml.  ZnO  ,S\C*H»)0*  .  Ethylotrithionate  of  zinc. 

112".  BaO  ,S»(C*H»)0»  .  Ethvlotrithionate  of  baryta. 

113'.  AgO  ,S»(C*H*)0»  .  Ethylotrithionate  of  silver. 

114.  CuO  ,SWH*)0*  .  Ethylotrithionate  of  copper. 

115.  NaO  ,S%C*H*)0*  .  Ethylotrithionate  of  soda, 

1 16\  C*H»0,S»(C*H»)0»    .     Ethylotrithionate  of  oxide  of  ethyl. 
117].  HO,     S»(C*H*)0*    .     Ethylotrithionic  acid. 

Dr.  Hobson's  theory  is  expressed  thus :  "  The  compound  [No.  1 1 1  ] 
is  the  zinc  salt  of  a  new  acid,  formed  by  the  substitution  of  one  equiva- 
lent of  oxygen  in  three  equivalents  of  sulphurous  acid  by  ethyl."  This 
supposition  is  by  no  means  sufficient  to  prove  the  existence  of  a  con- 
jugated acid.  I  do  not  believe  that  the  ethyl  goes  thus  into  the  add 
radical.  That  assumption  is  negatived  by  the  evidence  given  in  the 
section  which  commences  at  page  ^99.  I  therefore  consider  ethyl  as 
sustaining  in  these  salts  its  normal  character  of  a  basic  radical. 

If  we  could  consider  zinc-ethyl  to  be  a  radical,  (and  its  atomic  measure 
of  one  volume  might  tend  to  lead  us  to  that  opinion,)  then,  these  salts 
might  at  once  be  described  as  trithionates,  using  that  term  in  the  sense 
in  which  it  is  used  in  the  Article  at  page  168.  Thus,  the  salt  called 
ethylotrithionate  of  zinc.  No.  iii,  would  be  rendered  ZnC*H*,SH>'. 

But  I  am  of  opinion,  that  zinc-ethyl  is  not  a  radical,  but  a  salt  The 
grounds  of  that  opinion  are  stated  at  page  106.  Hence,  these  salts  cannot 
be  trithionates.  If  we  throw  the  synoptical  formula  No.  1 1 1  into  an 
analytical  formula,  we  produce : 

C"H»,SO 
Zn,SO,SO 

aiid  comparing  this  formula  with  that  of  the  different  polythionic  salts, 
which  I  have  described  in  the  Article  commencing  at  page  1 56,  t  con- 
clude that  the  ethylotrithionates  are  compounds  of  a  sulphate  =  C'H^SO 
(page  159)  with  a  stdphenete  =  Zn,SO,SO  (page  170).  The  circum- 
stance that  salts  of  tliis  constitution  are  at  present  nearly  unknown, 
is  no  obstacle  to  their  acknowledgment  when  they  are  made  known. 
Hitherto,  in  fact,  they  have  not  been  looked  for,  and,  as  I  have  shown 
in  the  investigation  into  the  constitution  of  the  polythionates,  many 
varieties  of  oxy sulphur  salts  have  been  disregarded,  because  the  minds  of 

2  K  2 


500  THEORY  OF  POLYBASIC  AND  CONJUGATED  ACIDS. 

chemists  were  preoccupied  by  erroneous  notious  respecting  th<ar  consti- 
tution. The  sulphenetes  are  salts  in  which  sulphurous  add  =  SO,  is 
combined  with  a  salt  of  the  form  MSO,  just  as  the  hjposulphates  consisi 
of  SO  combined  with  a  salt  of  the  form  MSO^.  In  such  a  sappositioo 
there  is  nothing  improbable,  and  by  accepting  it  we  are  provided  with 
satis&ctoiy  formuls  for  the  salts  now  in  question,  and  freed  from  tlie 
necessity  of  admitting  without  proof  the  existence  of  a  conjagated  ackL 

I  have  gone  somewhat  into  detail  respecting  the  "  Conjiigated  Sulpho- 
acids,"  because  chemists  are  in  the  common  practice  of  taking  fer 
granted  that  such  compounds  actually  exist;  for  which  reason  I  have 
thought  it  prof)er  to  show  them,  that  we  have  no  evidence  to  prove  the 
existence  of  even  a  single  acid  of  this  description.  Our  Books,  indeed^  are 
crammed  with  their  Names,  but  Nature  objects  to  make  the  Things. 


The  Silicates. 

Much  controversv  has  taken  place  respecting  the  composition  of  silica 
and  the  silicates.  Different  chemists  have  ascribed  to  silica  the  ibUoir- 
ing  formiilse : 

SiO»,  SiO»,       and      SiO. 

Berzelius.  Gmelin.  Thomson. 

In  the  year  1834  I  suggested  that  silica  ought  to  be  denoted  by 
SiK),  and  the  neutral  silicates  by  MSiO.  These  formulse  seem  noir, 
after  twenty-four  years  of  research  and  reflection,  to  be  more  probable 
exponents  of  the  truth  than  any  of  the  other  formulie. 

The  most  recast  *'  researches  on  silica  '*  have  been  made  by  Gblonel 
Philip  Yorke  {Proceedings  of  the  JRoyal  Society^  April  1857,  ^™*  44^)* 
His  method  of  operating  was  that  of  **  determining  the  quantity  of  cv- 
bonic  acid  which  is  displaced  from  excess  of  an  alkaline  carbonate  in  fusion, 
by  a  given  weight  of  silica."  The  results  were  as  follows : — ^When  car- 
lx)nate  of  potash  was  used,  the  experiments  indicated  the  formula  SiO^. 
When  carbonate  of  soda  was  used,  the  formula  indicated  was  Si(/. 
When  carbonate  of  lithia  was  used,  the  formula  became  SiO.  These 
experimental  results  gave,  therefore,  no  satisfactory  theoretical  lesolL 
The  process  led  to  nothing,  because  silicates  of  fixed  alkalies,  whatever 
their  composition,  fuse  with  indefinite  quantities  of  silica,  and  produce 
a  variety  of  silicates,  which  differ  in  composition,  according  to  the  pro- 
portions of  the  ingredients  in  the  mixtures,  the  degree  of  heat  enaployed. 
and  the  time  of  its  duration.  To  this  principle  it  is  that  glasses 
glazes  owe  their  vaiiety. 
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Colonel  Yorke's  condtisions  were  as  follow.  '*  Afler  gnardiDg  him- 
self from  drawing  any  decided  inference  from  the  experiments  recorded, 
the  Author  concludes  by  observing  that  at  present  he  can  see  no  alterna- 
tive bat  to  admit  of  more  than  one  equivalent  for  silicic  acid  (that  is  to 
say,  of  more  than  one  acid),  the  value  of  which  is  determined  by  circum- 
stances, such  as  the  presence  of  water  and  the  nature  of  the  base  to 
which  it  is  presented.  The  existence  of  such  different  silicic  acids  has 
been  already  suggested  by  chemists  at  different  periods,  particularly  by 
Ebelmen  and  Laurent,  and  lately  by  M.  Fremy." 

I  think  we  may  ccme  to  a  more  satis&ctory  result  respecting  the 
atomic  weight  of  silicon,  if  we  examine  the  constitution  of  its  gaseous 
compounds,  and  proceed,  as  I  have  done  in  the  investigation  of  the 
compound  radicals,  from  gases  to  solids,  with  the  single  view  to  make 
ont,  if  we  can,  how  much  of  the  element  which  is  under  investigation  is 
the  GheTfuccd  equivalent  of  a  single  volume  of  hydrogen.  That  quantity  of 
the  element  must  be  accepted  as  its  atom.  Silicon  must  submit,  like 
other  elements,  to  this  rule.  Its  atom,  or  Radical,  is  that  quantity  which 
replaces  a  volume  of  hydrogen. 

In  the  Table  of  Gases,  printed  between  pages  50  and  63,  we  have  the 
following  examples  of  gases  that  contain  silicon : — 


Silicate  of  amy  I,  or  amyla  silate 
Silicate  of  ethyl,  or  ethyla  silate 
Chloride  of  silicon,  or  sila  chlora 
Fluoride  of  silicon,  or  sila  fluora 
Chlorosulphide  of  silicon,  or  sila 
sulpha  bis  sila  chlora      .     . 


C*H'»,SiO 
C*H*  ,SiO 

Si,a 

Si,F 
Si,S     1 
(Si,Ci)«  ( 


{ 


Atomic  measure. 

.     i  volume. 

.     i  volume. 

.     i  volume. 

i  volume. 

.   I  i  volume. 


If  we  suppose  the  radical  Si  which  appears  in  these  formulse  to  be, 
in  all  the  examples,  replaced  by  H,  we  should  have  the  following  series 
of  well-known  salts : 


C*H»,HO 

C*H*  ,H0 

H  ,Cl 

H  ,F 

2(Ha)  +  HS 


=  amylic  alcohol, 
a  common  alcohol. 
=  hydrochloric  add. 
rs  hydrofluoric  add. 

s  a  mixture  of  two  atoms  of  hydrochloric  acid 
with  one  atom  of  hydrosulphuric  add. 


Here  then  is  evidence  dear  and  convincing,  as  far  as  it  goes,  that  the 
quantity  of  silicon,  which  is  the  equivalent  of  H\  is  that  which  is 
marked  in  the  Table  by  Si^  An  examination  of  the  constitution  and 
specific  gravities  of  the  respective  gases  fully  explains  the  weight  of  this 
radical. 
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The  composition  of  Silicate  of  Amyl  =  Amjla  sikte,  is : 

Amyl     =  C*H"  =  71 
Silicon    S5  Si       =    7*5 
Oxygen  =0        =16 

94-5 

If  this  is  doubled,  it  becomes  1 89,  which  represents  its  theoretical  spe- 
cific gravitj,  whereas  Ebelmen's  experiments  showed  it  to  be  169*3; 
which,  though  not  a  very  accurate  number,  is  sufficient  to  prove  tmit 
the  atomic  measure  of  this  gas  is  haif  a  voiume.  Now,  the  correspond- 
ing gas,  with  H^  instead  of  Si\  amylic  alcohol  =  C^H"30  measnrce 
two  voiumes.  The  cause  of  this  differerence  is  explained  at  page  106, 
where  I  have  shown  that  H^  when  it  forms  port  of  a  salt,  measores 
I  volume,  and  does  not  alter  the  measure  of  the  radical  with  which 
it  combines  to  produce  that  salt,  whereas  the  measure  of  silicon  in  a 
salt  is  o  volume,  while  it  diminishes  the  measure  of  the  radical  vi^ 
which  it  combines  to  form  that  salt  firom  i  volume  to  half  a  Tolnme. 
Hence  it  is,  that  all  the  siliceous  gases  measure  half  a  volume  fo  each 
atom  of  silicon  which  they  contain. 

This  explanation  applies  to  all  the  five  gases  which  are  quoted 
above.  The  chloride  of  silicon,  or  sila  chlora  =  Sid,  has  the  following 
composition  :— 

Silicon     =  Si  =    7  •  5 
Chlorine  =  CI  =  35*5 

43-0 

The  theoretical  specific  gravity  is  86,  while  Pierre  found  it  experi- 
mentally to  be  85*94.  In  the  same  way,  the  atomic  weight  of 
the  silicate  of  ethyl,  or  ethyla  silate  =  C^^,SiO  is  shown  in  tfae 
Table,  at  page  58,  to  be  52*5;  its  theoretical  specific  gravity  to  be 
105  ;  and  its  experimental  specific  gravity,  as  determined  by  Ebefanan, 
to  be  105 '92.  The  fluoride  of  silicon,  or  sila  fluora  s  SiF,  has  an 
atomic  weight  of  26*  5,  and  a  theoretical  specific  gravity  of  53,  whidi 
Dumas  found  experimentally  to  be  52  '09.  Finally,  the  triple  salt,  the 
chlorosulphide  of  silicon  <»  2SiCl  +  SiS  has  the  atomic  weight  of 
109*5,  ^^i<^^  corresponds  to  the  theoretical  specific  gravity  of  73,  its 
measure  being  i  i  volume,  and  this  specific  gravity  is  corroborated  by 
the  experimental  weighings  of  Pierre,  which  gave  73*51. 

These  facts  afford  strong  evidence  in  favour  of  the  statement,  that  the 
atomic  weight  of  silicon  is  7  *  5.  I  adopt  that'  conclusion  as  true,  and  I 
proceed  to  show  how  exactly  it  accords,  not  only  with  the  composition 
of  the  siliceous  gases  and  the  chief  artificial  salts,  but  with  the  infinite 
vanety  of  complex  mineral  silicates. 
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The  composition  of  anhydrous  silica,  on  this  theory,  is  as  follows : 

Per  Cent.  By  Expt. 

Silicon,  2  atoms  =  7 '54*  2  =  15    =48*39  48 '275 

Oxygen,  i  atom  =   16  +  i  =  16   =  51  '61  51  -725 

=    Si,SiO    =  Sila  silate. 

The  CMorids  of  SHicon  is  decomposed  by  water,  and  produces  hydro- 
chloric acid  and  hydrated  silica ;  thus : 

Sia  +  H,HO  =  H,SiO  +  HCl. 

This  hydrated  silica  H,SiO  is  the  model  of  the  neutral  silicates.  The 
basic  radical  H  is  replaceable  by  any  other  basic  radical.  There  are 
other  varieties  of  hydrated  silicic  acid  besides  this  normal  hydrate. 
Dover!  has  shown  that  when  it  is  air-dried  at  60^  F.,  its  composition  is : 

H»,Si*0»  =  2(H,SiO)  +  Si,SiO; 

and  that  when  it  is  dried  at  21 2^  F.,  it  becomes : 

H«,Si-0*  =  2(H,SiO)  +  3(Si,SiO). 

We  have  consequently  three,  probably  more,  forms  of  hydrated  silicic 
acid  * 

H,SiO,        H*,Si*0»,        H«,Si»0», 

all  of  which  forms  agree  with  many  kinds  of  salts,  both  natural  and 
Petitions.  Thus,  there  are  three  precisely  similar  varieties  of  silicate  of 
ethyl,  which  are  described  in  the  following  page. 

Fltumde  of  Silicon  =  SiF  =  Sila  fluora.  When  this  gas  acts  upon 
water,  one-third  of  the  silicon  separates  as  hydrated  silica,  and  the  solu- 
tion contains  hydrofluosilicic  acid : 

SiF  +  SiF  +  SiF    1    _    fH,SiO 

+  HHOf   -  tHF  +  2(SiF). 

This  product  HF  +  2  (SiF)  =  HSi'F"  is  the  hydrofluosilicic  acid. 
The  H^  is  replaceable  by  many  other  basic  radicals,  which  replacement 
produces  a  variety  of  triple  salts,  called  SUico-fltuyrides, 

According  to  Berzelius's  atomic  weights,  the  preceding  reaction  is 
commonly  represented  as  follows : 

3SiF*  +  3HO  =  3HF.  2SiF«  +  SiO". 

In  this  equation  O  =>  8,  and  Si  signifies  3  times  7  *  5  of  silicon,  and 
this  triple  atom  necessarily  causes  a  triplication  of  all  the  other  elements 
that  are  concerned  in  the  reaction.  But  even  with  this  triplication,  the 
representation  is  not  accurate,  for  SiO*  represents  anhydrous  silica, 
whereas  the  experiment  produces  hydrated  silica,  which  demands  3  HO 
in  addition  to  what  is  scored  in  the  above  equation. 
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Silioo-Fluobides, 

Of  Ammonium    . 
Aluminum 
Barium      .     . 
Iron  (ferrous) 
Iron  (ferric)   . 
Copper  ^cuprous) 
Copper  (cupric) 
Mercurous 
Mercuric   .     . 
Hydrogen .     . 


Fee  Si*P 
Cu  Si«F» 
CucSiT* 
HgSi«F* 
B|cSi«F« 
H    S?P 


A  comparison  of  these  two  equations  shows  that  a  great  simf^ifi- 
cation  of  formulae  is  produced  by  adopting  the  small  atomic  weight  hr 
silicon  =  7*5.     I  may  add  a  few  examples  to  show  this  difierenoe : 

Usml  Fonnul*.  Fo^^3«. 

3NH*F  .  2SiF«  ZH*SiV« 
Al*  F» .  2SiF"        Ale  SI«F» 

iBa  F  .  2SiF«        Ba  Si^ 

3Fe  F  .  2SiP  Fe  Si*F» 
Fe«  F* .  2SiF» 

3Cu«  F  .  aSiF* 

3CU  F  .  2SiF» 

3Hg"F  .  2SiF» 

3Hg  F  .  2SiF» 

3H    F  .  aSiF« 

The  analytical  form  of  the  proposed  fbrmulee  is  H'F  +  2(SiF)  where 
H'  is  tlie  replaceable  atcHB.  The  names  of  such  salts  may  be  choseD 
to  suit  either  the  synoptical  or  the  analytical  formulae ;  thus : 

HSi'F'  =  Hydra  silen  fluorine. 

HF  +  (SiF)"     =  Hydra  fluora  bis  sila  fluora. 
FeSi*F*  =  Ferrous  silen  fluorine. 

FecF  +  (SiF)«  =  Ferric  fluora  bis  sila  fluora. 

Stlioates  of  Ethyl.  I  have  quoted  the  composition  of  one  silicate  of 

ethyl ;  but  Ebelmen  has  described  three  varieties  {GmMs  Handbook  cf 

CAmwtry,  viii.  478-81). 

Gmelin'g  FormoUe.    Proposed  Fannnls. 

Disilicate  of  ethyl       =  2C*HX),  SiO*  C«IP,Si  O 

Monosilicate  of  ethyl  =    C*HK),  SiO»      (C^*)»,SiX)' 
Bisilicate  of  ethyl       =:    C*H*0,aSiO»     (C*H»)«,SiK)* 

These  tliree  varieties  of  silicate  of  ethyl  correspond  with  the  three 
descriptions  of  hydrated  silicic  acid  referred  to  at  page  503.  I  do  not 
however  admit  tikese  salts  to  be,  as  Colonel  Yorke  suggests^  salts  of 
different  acids^  but  simply  diflerent  kinds  of  multiple  silicates : — 

The  Disilicate,  being      The  Monosilicate,  being      The  Bisilicate,  being 


the  normal  salt : 

a  triple  salt  : 

a  fivefold  salt. 

C*H»,SiO 

C^»,SiO 

C«H*,SiO 

C«H*,SiO 

C«H»,SiO 

Si  ,SiO 

Si  ,SiO 
Si,SiO 
Si,SiO 

E  thy  la  silate. 

Bis  ethyla  silate 

Bis  ethyla  silate 

cum  sila  silate. 

tris  sila  silate. 
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For  if  we  consider  a  difference  in  the  proportion  between  the  basic 
radicals  and  the  silicon,  or  between  the  silicon  and  the  oxygen,  to  be, 
in  each  case,  the  indication,  or  the  proof,  of  the  existence  of  a  difierent 
silicic  acid,  we  must  prepare  ourselves  to  accept  of  at  least  a  hundred 
Silicic  Acids,  for  it  would  be  easy  to  point  out  that  number  of  varieties 
in  the  formuke  of  well-known  natural  or  artificial  silicates. 

StUoate  ofAmyL  I  have  described  this  salt  by  the  formula  CH*\SiO : 
Varrentrap  describes  it  as  iC^'H^O.SiO";  Gmelin  as  aC»"H"O.SiO» 
=  C«H«SiO*;  Gerhardt  as  (r«H*^Si*  =  4(C^*JEr'0,SiO).  These  high 
numbers  result  solely  from  the  false  estimate  taken  of  the  weight  of  the 
atom  of  silicon.  Gmelin's  Si  »  7  *  5  +  2 ;  the  others  =  7  *  5  +  J*  One 
of  these  numbers  causes  dupUcation,  and  the  other  triplication  of  all  the 
elements  associated  with  the  silicon. 


I  pass  now  to  the  consideration  of  I^Iineral  Siugates,  the  compo- 
sition of  which  I  propose  to  explain  in  accordance  with  the  notion  that 
MSiO  expresses  a  neutral  or  normal  silicate,  the  M  or  basic  radical  in 
which  is  replaceable  by  hydrogen,  or  by  any  metaU  either  of  the  basylous 
order  or  basylic  order,  the  difference  between  which  I  have  explained  at 

page  33- 

The  normal  silicates  thus  formed,  of  all  the  different  orders  =  H,SiO, 

R,SiO,  and  Rc,SiO,  can  combine  with  one  another,  and  also  with  an- 
hydrous silica  =  Si,SiO,  and  with  salts  formed  on  the  model  of  water 
xs  H,HO,  H,MO,  and  M,MO.     Thence  arise  all  the  varieties  of  natural 
and  factitious  silicates — ^neutral,  acid,  and  basic. 

It  follows  from  these  premises,  that  every  silicate  contains  twice  as 
many  radicals  as  it  contains  atoms  of  oxygen.  Thus  evexy  simple 
silicate  is  MSlO,  and  every  complex  silicate  is 

R'Rc»Si*0», 

in  which  R  signifies  any  basylous  atoms,  such  as  H,  K,  Na,  Ba,  Fe, 
Mn,  &c.,  and  Re  signifies  any  basylic  atoms,  such  as  Ale,  Fee,  Mnc,  &c., 
while  a?,  y,  z,  are  collectively  equal  to  two  atoms,  the  quantity  of  oxygen 
being  one  atom. 

There  does  not  seem  to  me  to  be  the  slightest  probability  that,  in  the 
formation  of  the  complex  silicates,  there  is  first  produced  a  complex 
silicic  acid,  containing  a  multiple  number  of  atoms  of  silicon,  and  :;^at 
this  complex  acid  then  combines  with  an  equally  complex  base  containing 
a  multiple  number  of  basic  radicals.  On  the  contrary,  I  consider  the 
complex  silicates  to  be  formed  by  simple  siUcates  combined  with  one 
another,  atom  afler  atom,  and  that  each  step  in  this  additive  process 
produces  a  special  silicate.  I  hope  to  make  this  notion  clear  by  means 
of  the  formuke  that  are  given  in  Table  I. 
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TABLE  I.  Theoretical  Constitution  of  Siucates. 

A.  B.  c.  D.  E. 

MMO+         SiSiO+       4MSiO+       2MSiO+       MSiO+ 

nMSiO  nMSiO  nSiSiO  nSiSiO  nSiSiO 


M  M  0 

Si  Si  0 

M  Si  0  k 

M»Si  0»k 

M  Si»0«k 

M  Si*0*k 

M*Si*0»k 

M'Si^Ck 

M"Si*CPd 

M  Si*0»k 

M*Si-0* 

M»Si*Ok 

M«Si*0*d 

M  Si'O* 

M«Si*0»k 

M*Si«0*k 

M*Si«0»d 

M«Si»0*k 

M  Si'0»k 

AFSi^O-k 

M*  Si'  Cf 

M*Si»0«d 

W  Si*^  d 

M  Si»^ 

M*Si«(yk 

M'Si"(yk 

M*  Si»«(y  k 

M«si»"(yk 

M  si'^cy 

w  Si'  (y 

M'Si'O" 

M*  Si»^  d 

W  Si»^  d 

M  Si>^ 

M'«Si«  0»  k 

M»  Si»«0»  k 

M*  Si"0» 

M»  Si'«0^  k 

M  Si»-(r 

M"Si*  0»« 

M»  Si"0»* 

M*  Si»«0»M 

W  Si»"0"d 

M  S'l'K)'* 

M"Si"0"k 

M"Si"0»'k 

M*  Si»«0"k 

W  Si«0" 

M  Si*'0" 

M»Si"0« 

M"Si»"0»» 

M*  Si«0"d 

M«  Si"0«d 

M  Si«^« 

M^Si^'O'-k 

M«Si>^»» 

M*  Si«0»» 

M«  Si«K)»*k 

M  Si^" 

M»Si»0»* 

M«Si'*0»* 

M*  Si«X)"d 

W  Si*0"d 

M  SFO** 

M»«Si»K)»* 

M»*Si»«0»*k 

M*  Si*0«» 

M«  Si"0»k 

M  Si-O" 

In  this  Table,  Si  =  7- 5   .  O  =  16. 

Column  A. — It  is  supposed  that  a  salt  formed  on  the  model  of  water 
ss  M,MO  combines  with  a  normal  silicate  =  M,SiO,  atom  after  atom, 
to  produce  the  series  of  silicates  that  are  here  represaited,  and  perhaps 
others  that  are  beyond  the  limits  of  the  Table. 

Column  B. — In  this  case  it  is  supposed  that  an  atom  of  anhydrous 
silica  =  Si,SiO  combines  with  a  normal  silicate  «:  M,SiO,  atom  after 
atom,  to  produce  another  series  of  silicates,  necessarily  difiering  in  con* 
stitution  from  the  former.  The  salts  represented  in  Column  A.  all 
contain  a  small  excess  of  base.  Those  of  column  B.,  an  equal  excess  of 
acid. 

Coiumn  C. — This  column  begins  with  the  salt  M^Si'O*,  which  is  sup- 
posed to  be  transferred  from  column  B.,  and  to  have  been  formed  bj 
the  addition  of  4MSiO  to  SiSiO.  The  operation  is  now  ooDsidered  to 
be  reversed,  and  the  anhydrous  acid  SiSiO  is  added  instead  of  the  salt 
MSiO,  atom  by  atom,  to  the  salt  M^Si^,  so  as  to  produce  the  series 
of  superacid  salts  given  in  this  column. 

Cdumn  D. — In  this  case  the  salt  M'Si^O',  transferred  from  column  Bu, 
is  increased  by  successive  additions  of  SiSiO,  till  it  forms  the  series  of 
salts  represented  in  the  Table.  Nearly  all  the  varieties  of  "Glass* 
belong  to  the  silicates  that  are  inscribed  in  this  column. 

Cdumn  £. — The  salts  depicted  in  this  column  are  produced  by  the 
combination  of  the  neutral  silicate  =  MSiO  with  successive  atoms  of 
anhydrous  silica  =  SiSiO.     The  salts  are  consequently  all  acid  salts. 
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The  letter  k  frequently  inserted  in  this  Table  intimates  that  the 
silicates  so  marked  are  hnxnjon  and  of  frequent  occurrence.  The  letter  d 
signifies  that  the  salts  are  duplicates,  and  that  similar,  and  more  generally 
simpler,  formulse  will  be  found  in  other  colunms  of  the  Table. 

The  foregoing  theory  is  now  to  be  applied  to  the  investigation  or 
mineral  silicates. 


TABLE  n.  Constitution  of  the  Chief  Vameties  of  known 

Mineral  Silicates. 


A. 


RAMHELSBERa's  FORMULA. 


B. 


I 
2 

3 
4 
5 

6 

7 
8 

9 

lO 

II 

12 
15 


Oxygen  of  the    #  silicates  of 
Base.     Acid.        Protoxides. 

RO,4SiO» 

RO,3SiO» 

RO,2SiO» 

2RO,3SiO" 

3RO,4SiO» 

RO,  SiO" 

3RO,2SiO» 

2RO,  SiO» 

3RO,  SiO» 

i       1       4RO,  SiO» 

1-      I       9RO,2SiO" 

2  I       6R0,  SiO» 

3  I       9RO,  SiO* 


C. 


Acid. 
12 

9 
6 

4* 

4 

3 
2 

1 

T 


Silicates  of 
Sesquioxides. 

R*o',i2Si(y» 

R«0»,  9SiO» 

R«0»,  6SiO» 

2R*0»,  9SiO> 

R«0»,  4SiO" 

R«0»,  3SiO» 

R«0»,  2SiO» 

2R«0»,  3SiO» 

R«0»,  SiO" 

4R«0»,  3810- 

3R«0",  2SiO» 

2R'0»,  SiO» 

3R«0>,  SiO» 


Griffin's 
Formula. 

D. 

R«Si«0»» 
RSi^O* 
R«Si»«(y 
R^Si"0" 
R*Si»  0» 
RSi*0« 
R«Si*  0» 
R*Si«  O* 
RSi  O 
R«Si«  OF 
R«Si*  O* 
R*Si«  0» 
R»Si  0» 


Rammdsberg^s  Nomenclatttre  of  the  above  Salts. 


I,  Fourfold  silicates.     2,  Threefold  silicates.     :(,  Twofold 


silicates* 
silicates, 
silicates, 
silicates, 
or  three- 
silicates. 


4,  One-and-a-half  fold,  or  sesquisilicates.  5,  Four-thirds 
Oy  Neutral  or  normal  silicates.  7,  Two-thirds,  or  half  basic 
S»  Half  or  basic  silicates.  9,  One-third,  or  twofold  basic 
10,  One-fourth,  or  threefold  basic  silicates.  11,  Two-ninths, 
€ind-a-half-fold  basic  silicates.  12,  Sixth,  or  five-fold  basic 
13,  Ninth,  or  eight-fold  basic  silicates. 

In  Rammelsberg's  formulae,  S  =  22'5,  O  =  8, 
In  column  D.,  S  =  7  •  5,  O  =  16. 

Table  II.  is  extracted  from  the  '*  Einleitung "  to  Rammelsberg's 
Hdndvodrterbuch  dee  chemachen  TheUs  der  Minerdbgie,  Berlin,  1841,  a 
work  of  great  utilitj  to  all  who  study  the  chemistry  of  mineralogy. 

According  to  Rammelsberg,  who  ^follows  closely  the  system  of 
Berzelius  and  the  Berlin  school  of  chemists  and  mineralogists,  the 
silicates  are  divided  into  two  categories — the  silicates  of  protoxides,  and 
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tile  silicates  of  sesquioxides.    These  require  the  formolse  exhibited  in  the 
Table,  in  oolumns  B.  and  C. 

Innovations  suggested,  i].  The  atomic  weight  of  silicon  is  to  be 
reduced  from  22  *  5  to  7  *  5.  2].  The  atomic  weight  of  oxygen  is  to  be 
raised  from  8  to  16.  3].  Every  sesquioxide  is  to  be  considered  to 
contain  not  R'  but  Re*,  that  is  to  say,  not  two  combined  basylous  atoms, 
but  three  separable  basylic  atoms. 

Effect  of  these  Innovcttions,  i].  All  the  Ibrmuke  in  column  B.  an; 
transformed  into  those  represented  in  column  D.  2].  All  the  formulc 
in  column  G.  are  transformed  into  those  represented  by  column  D., 
excepting  that,  instead  of  R.,  it  is  necessary  to  write  Re.  By  these  trans- 
formations, the  formulfle  that  represent  basylic  silicates  are  made  to  agree 
in  atomic  quantities  with  those  that  represent  basylous  silicates ;  whereas 
the  formulae  of  column  C.  are  atomically  three  times  as  great  as  those  of 
column  B.  These  changes  are  of  importance  when  considered  in 
relation  to  what  the  chemical  mineralogists,  by  a  peculiar  figure  of 
speech,  call  rationdl  formulae;  for  it  appears  to  me  that  the  fcxmuke 
which  commonly  bear  this  tilJe  are  singularly  irrationcd. 

Table  III.  (except  the  last  column)  is  an  extract  from  a  hrgesr  Table 
of  the  same  kind  which  is  given  in  Kammelsberg's  Drittes  Supplemeid 
zu  dem  Hanckodrterbuch  des  chemischen  Theils  dor  Minercdogie,  Beriln, 
1847.  The  object  of  this  Table  is  to  show  the  relation  that  exists 
between  the  oxygen  of  the  water,  of  the  protoxides,  of  the  sesquioxides, 
and  of  the  anhydrous  silicic  acid  contained  in  various  classes  of  alicates. 
I  have  added  the  last  column  to  show  my  view  of  die  constitution  of  tiie 
same  salts. 

The  alterations  which  I  have  made  in  the  atomic  weights  of  oxygen, 
silica,  alumina,  &c.,  necessarily  affect  the  formulae  of  the  silicates  to  a 
great  extent ;  but  there  ul  one  consequence  which  is  extremely  remaik- 
able,  and,  which,  though  it  follows  as  a  mathematical  necessity,  I  had 
not  foreseen,  and  first  noticed  with  surprise. 

Rammelsberg  gives  in  this  Table  simple  numbers  to  intimate  the 
relations  which  the  oxygen  of  the  different  radicals  of  the  silicates  bear 
to  one  another.     These  are  stated  in  column  B.  of  the  Table. 

Now,  according  to  my  atomic  weights,  these  numbers,  just  as  ihtj 
stand,  (and  the  observation  applies  to  the  whole  of  Rammelsberg  s 
Table  as  well  as  to  the  short  extract  from  it  which  is  given  as  a  specimen 
in  Table  III.) — ^these  numbers  express  the  numbers  of  the  radicals  ^td 
are  present  in  each  siUcate,  and  are  collectMy  twice  as  great  as  the  taUi 
nuffiber  of  the  atoms  of  oxygen.  Consequently,  the  formation  of  foimiils 
in  accordance  with  the  radical  theory  is  simple  in  the  highest  degree,  as 
will  be  seen  on  comparing  the  fbrmulse  in  liie  last  column  of  Table  III. 
with  the  formulae  in  the  preceding  colmnns. 

Rammelsberg's  formulae  as  given  in  this  Table  are  intended  to  shonr 
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only  the  relative  quantities  of  acids  and  bases  contained  in  the  respective 
salts,  namely,  the  number  of  atoms  of  protoxides,  of  alumina,  of  silica,  of 
water,  &c.  The  formuke  which  chemical  mineralogists  are  pleased  to 
call  Rational,  are  given  in  the  second  column  of  Table  IV. 

TABLE  IV.  Rational  Formula  of  the  Silicates. 
Anhydrous  Silicates  with  one  Protoxide, 

RAMMELSBERa's  FORMULiE.  GrIFFIN's  FoRMUUB. 

Trisilicate  of  lime  CaO    ,SiO"  CaSi»0* 

Wollastonite .     .  3CaO  ,2SiO»  Ca«Si*0» 

Gadolinite     .     .  3YO    ,SiO*  YSiO 

Williamite    .     .  3ZnO  ,SiO»  ZnSiO 

Augite(mangan.)  3MnO  ,2SiO«  Mn«Si*0» 

Phenakite     .     .  3BeO  ,2SiO»  G"Si^ 

Hydrous  SiHoates  ujith  one  Protoxide, 

Meerschaum       .  MgO   ,SiO»  +H0  IPMg»Si«0» 

Dioptase        .     .  3CUO  ,2SiO»  +  3HO  HCucSi«0» 

SiHcate  of  manga- 3MnO,SiO»  +  3HO  H«Mn»Si«CP 
nese. 

.  3GaO  ,4SiO»+6HO  H*Ca«Si«(y 

Anhydrous  Silicates  toith  one  Sesgwoxide. 

.  3Al«0»,2SiO»  Alc'Si^ 

.  Zr«0»  ,SiO»  ZrSiO 

.  Al«0»  ,3SiO»  AlcSiJO* 

.  2Al«0»,3SiO*  Alc*Si«0» 

.  A1K)»  ,SiO»  AlcSiO 

Hydrous  Silicates  inth  one  Sesquhxide, 

.  (5Al\y,SiO»)  +(Al*0»+3H0)HAlc«SiH>» 
.  A1«0"  ,2SiO»  +  6H0  H*Alc«Si^ 

.  A1«0»  ,3SiO»  +  3HO  H«Alc«Si«0» 

Anhydrous  Silicates  uoith  several  Protoxides, 

.  (C^Mg,Fe,Mn)»0»,2SiO'  (Ca,Mg,Fe,MnySi^ 

.  (Mg,Fe)»0»,SiO*  (Mg,Fe)SiO 

.  3CaO,2SiO»  +  2(3MnO,2SiO»)Ca«Mn*Si»«0» 
.  3FeO,2SiO»  +  3(3MnO,SiO»)  Fe«Mn«Si'*(y 
.  3FeO,SiO»    +  3MnO,SiO»        FeMnSi«0*  ' 

Anhydrous  Silicates  with  several  Sesquioxides, 

.  BeO»,4SiO»  +  2(AP(>»,2SiO»)         G«Alc*Si»«0» 
,  BeO',3SiO"  4- 2(  Al«0»,3SiO»)         GAl^Si»0« 
.  BeO  ,SiO»   +  2(Al*0»,SiO')  GAlc»Si«0» 


Qkenite 


Cjamte    •     . 
Zircon 
Agalmatohte 
Bamlite   . 
Bucholzite 


Worthite 
Erenite  , 
Qmolite 


Augite  « 
Olivine  . 
Bustamite 
Tioostite  . 
Ejiebelite 


Beiyl 
Ditto  . 
Euclase 


612  THEORY  OF  POLYBASIC  AND  CONJUGATED  ACIDS, 

Anhydrous  Silicates  with  both  Protoxides  and  Sesquioocides. 

Felspar    .     .     .  KO  ,SiO»    +  Al"0»,3SiO»  KAlc»Si*«0» 

Albite      .     .     .  NaO,SiO»    +  Al»0»,3SiO»  NaAlc*S»*0» 

Leucite     .    .     .  3KO,2SiO»  +  3(Al«0»,2SiO')  KAlc"Si«0» 

Vesuvian  .     .  V  3RO,SiO»    +  R*0»,SiO»  RRcSiK^ 

Garnet     .     .     .  3RO,SiO»    +  R'O'.SiO'  RRcSiW 

• 
Hydrous  Silicates  with  both  Protoxides  and  Sesquioxides, 

Q^ii.f  i  CaO,SiO»  +  AlK)»,3SiO»  +  6H0.    Eammdaberg. 

&tumte    .     .   I  H«Ca»Alc»Si«0».     Griffin. 

rk  Vv.  f  f  (Ca,Na,K)0,SiO»+Al»0*;2SiO»+6HO?  EammM^g. 

^naoasiie      .   |  H*(K,Na,Ca)'Alc»Si«0»?    Griffin. 

Q    ,    ..  J  CaO,SiO*  +  AlK)»,SiCy»  +  3HO.    BammMerg. 

jscoiezite  .     .   j  H«Ca«Alc*»Si'«0".     Griffin. 

^  .    y.  j  NaO,SiO»  +  Al«0«,SiO"  +  aHO.    Bammddierg. 

isatroiite  .     .   ^  ipNa^Alc'STO*.     Cn^a. 

Table  IV.  is  an  extract  from  a  Table,  comprehending  all  known 
silicates,  which  is  given  in  the  second  volume  of  Rammelsberg*s  Hand- 
worterhuch,  already  quoted.  In  the  second  column  of  this  Table  we 
have  the  so-called  **  rational  formulae  **  of  the  different  silicates.  Tliis 
term  is  used  to  signify  that  we  have  here  an  account  of  what  is  ooini- 
monly  considered  to  be  the  proximate  constitution  of  the  substances. 

In  this  Table,  the  rational  formulae  are  tolerably  simple,  excepting  a 
few  near  the  lower  end ;  but  the  rational  formulae,  constructed  for  loaaj 
other  minerals,  are  excessively  complicated,  as  I  shall  presently  show. 

Let  us  endeavour  to  ascertain  what  is  the  actual  value  of  these  ratioofll 
formulae.  Take  the  last  in  the  list,  that  of  Laumonite,  as  an  example. 
This  mineral,  according  to  the  information  supplied  in  Table  IIL,  con- 
tains 3CaO,  3A1«0»,  8SiO»,  12HO;  and,  in  Table  IV.,  these  substances 
are  put  into  the  form  of  the  following  rational  formulae : 

3CaO,  2SiO»  +  3(A1»0»,  2SiO*)  +  12HO. 

For  this  classification  of  the  elements  of  the  salt  there  is  no  evidence 
whatever.  First,  we  have  a  salt  in  which  three  atoms  of  lime  are 
assumed  to  be  combined  directly  with  two  atoms  of  silicic  acid,  a  mode 
of  combination  which  agrees,  indeed,  with  the  law  respecting  what  is 
called  *'  combination  in  multiple  proportions,"  but  not  with  the  laws  d 
nature,  which  preside  only  over  binary  combinations ;  nor  even  wiA  the 
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law  of  Berzelius,  that  a  salt  must  contain  an  atom  of  acid  for  every  atom 
of  oxygen  which  is  present  in  the  base.  Then,  one  atom  of  this  irregular 
salt  is  assumed  to  be  combined  directly  with  three  atoms  of  another 
irr^ular  salt  in  which  one  atom  of  alumina  Al^O"  is  stated  to  be  com- 
bined with  two  atoms  of  silicic  acid.  Finally,  there  are  twelve  atoms  of 
hydrogen  set  aside  as  water,  T^ithout  any  attempt  to  prove  that  none  of 
it  exists  in  the  salt  in  any  other  condition.  The  formula,  therefore,  is 
crammed  with  assumptions  that  are  taken,  without  evidence,  for  facts, 
and  its  use  is  to  make  difficult  of  comprehension  what  otherwise  is 
simple  and  clear — for 

Take,  on  the  contrary,  the  formula  which  is  supplied  for  the  same 
mineral  by  the  radical  theory,  and  which  is 

H*Ca»Alc»Si»0^ 

We  can  trust  this  formula,  because  the  quantities  are  the  result  of 
analysis,  and  because  every  radical  which  it  represents  is  known  to  be 
the  equivalent  of  a  volume  of  hydrogen.  The  compound  contains  eight 
simple  silicates,  which  the  formula  makes  known  at  a  glance.  Nothing 
would  be  gained  by  converting  this  unitar)'  formula  into  a  rational 
formula : — 

Or  thus, 

Ca  ,SiO 
3Alc,SiO 
4H  ,SiO. 


Thus, 

Or  thus, 

Ca  ,SiO 

Ca  SiO  +  HSiO 

Alc,SiO 

AlcSiO  +  HSiO 

AlcSiO 

AlcSiO  +  HSiO 

AlcSiO 

AlcSiO  +  HSiO. 

H  ,SiO 

H  ,SiO 

H  ,SiO 

H  ,SiO. 

These  formulae  are  useless,  because  all  the  information  which  they  give 
is  given  at  a  glance  by  tJie  unitary  formula  without^  needless  display. 
And  that  great  advantage  results  from  giving  to  all  the  elements  of  the 
silicates  such  equivalents  or  atomic  weights  as  level  the  whole  to  imi- 
form  simplicity.  I  do  not  admit  of  the  existence  of  sesquioxides  in  sili- 
cates. I  recognibe  therein  the  presence  of  salts  formed  on  the  model  of 
water  =  H,HO ;  M,SiO,  &c.,  and  these  alone. 

Before  I  conclude  the  description  of  Laumonite,  I  may  point  out  the 
difference  that  exists  between  the  number  of  atoms  which  are  demanded 
by  Berzelius's  notation,  as  employed  by  Rammelsberg,  to  represent  the 
composition  of  that  mineral  and  the  number  which  is  demanded  by  the 
radical  theorv. 
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No.  of  Atoms 

No.  of  Atoms 

No.  of  Atoms 

in 

when  corrected 

after 

Elemeitr 

i,        Rammelsbei^s 

for  new 

Dirision 

Fonnalas. 

Atomic  Weights. 

by  5. 

Ca.     . 

•    •        3 

3 

I 

H  .     . 

.      .         12 

12 

4 

Al.     . 

.     .        6 

9 

3 

Si  .     . 

.     .        8 

H 

8 

o  .    . 

.     .      48 

H 

8 

77  72  24 

A  glance  over  the  preceding  Tables  will  show  that  this  great  redaction 
in  the  number  of  atoms  takes  place  generallj  when  the  formulae  are 
recast  to  suit  the  radical  theory ;  and  it  affords  a  powerful  aignment 
against  those  absurd  and  troublesome  marplots — the  sesquioxides,  to 
the  imagined  presence  of  which  the  formulae  of  the  natural  silicates  axe 
indebted  for  most  of  their  extravagance.  So  long  as  chemical  mio^akv 
gists  persist  in  introducing  sesquioxides  into  their  formulae  of  silicates ; 
so  long  as  they  continue  to  patronize  the  doctrine  of  combinatiaD  in 
multiple  proportions  ;  so  long  as  they  exclude  from  their  oomprehenson 
the  facts,  that  a  silicate  is  a  very  simple  salt,  and  that  simple  silicrtes 
combine  with  one  another  to  make  complex  silicates ;  just  so  long  must 
their  *'  rational "  formulae  be  models  of  irrational  modes  of  thought ;  just 
so  long  must  they  be  fancy  sketches, — based  upon  guesses,  incapable  of 
proof,  unworthy  of  credit — puzzling,  useless,  obstructive. 

Complex  Siugates. 

I  will  quote  a  few  examples  of  complicated  silicates,  to  show  in  what 
manner  the  new  method  of  notation  is  qualified  to  meet  the  difficulties 
which  they  present. 

AuGiTE. — In  the  forcing  Tables  I  have  quoted  the  maDganese 
augite  ~ 

3MnO,2SiC)'    Rammd^berg. 
Mn»Si*0«        Griffin. 

The  manganese  of  this  mineral  is  subject  to  be  replaced  by  Oa,  Mg, 
Fe,  in  various  proportions,  without  any  other  change  taking  place  in  the 
composition  of  the  mineral.     Consequently  these  varieties  are  obtained : 


a.    Mn«        Si*0» 
6.     Ca»Mg»  Si*0» 

c.  Ca'Fe^    Si\)» 

d.  (Mn"FeO«SiK)» 

Examples  of  Rammelsberg's  formulae  for  these  minerals : — 


e.  (Ca»Mn")*Si*0» 

/.   (Ca»Mg^e»)«      Si*0» 
g.  (Ca,Mg,Fe,Mn)«SiX)» 


For  h.       3MgO,2SiO»    +  3CaO,2SiO». 

For/.  2(3MgO,2SiO»)  +  3(3CaO,2SiO«)  +  3FeO,2SiO»- 
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The  condensed,  or  87noptical  formula/,  can  be  easily  expanded  to  an 
analytical  formula  representing  whole  atoms,  as  follows : — 

|3aa  ,SiO. 
P     o'Q     In  making  this  change  of  formula  it  is  to  be 
3  Si  ]siO. 

observed  that  the  basic  portion  of  formula  y,  namely  (Ca'Mg*Fe*)*,  sig- 
nifies Caf,Mg|,Fe{,  of  two  atoms.  If  these  fractions  are  made  into 
whole  numbers,  the  two  atoms  become  six  atoms,  or  are  multiplied  by 
three,  in  which  case  the  silicon  and  the  oxygen  of  the  salt  must  also  be 
multiplied  by  three. 

Chabasite. — Among  many  formulae  for  this  mineral,  Rammelsberg 
gives  the  following : — 

[3CaO,2SiO»  +  3(Al«(y,2SiO»)  +  18HOJ 
+  a[3NaO,2SiO*  +  3(Al«0»,3SiO»)  +  18HOJ. 

This  formula  contains  the  following  ultimate  atoms:  3Ca,6Na,54H, 
1 8 Al, 2481,1620,  in  all  267.  When  the  atomic  weights  are  corrected, 
they  become  3Ca,6Na,54H,27Alc,72Si,8iO;  in  all  243.  When  these 
corrected  numbers  are  uniformly  divided  by  9,  they  produce  the  following 
formula: — 

H«(Na«Ga»)»Alc»Si«0*. 

Gmelin's  formula  for  this  soda  chabasite  (which  is  also  called  Gmelinite) 
is  =  2NaO,iCaO,3Al'0»,i2SiO',i8HO.  This  formula  is  equivalent  to 
the  above.  His  formula  for  lime  chabasite  is  1  NaO,3CaO,4Al'0*,  1 6SiO^, 
24HO,  which  produces  the  formula — 

ff(Na»Ca')'Alc»Si«0». 

It  is  remarkable  that  Gmelin's  two  formula  diJQfer  considerably  in  the* 
proportions  of  silica,  alumina,  and  water.  Yet,  when  they  are  recast  to 
salt  the  radical  theory,  they  harmonize  exactly,  and  prove  that  the  actual 
differepces  between  the  two  salts  exist  only  in  the  quantities  of  sodium 
and  calcium,  all  other  elements  remaining  the  same.  The  new  formulas 
show  this  fact  significantly :  the  others  conceal  it 

^  HYNa«Ca>)'Alc»Si«(y, 

compare—  H%Na*Ca»VAlc»Si^, 

. .,  aNaO,  iCaO,3  Al^,i  2SiO»,  18HO. 

^^^—  iNaO,3CaO,4Al«0»,i6SiO*,24HO. 

Upon  first  looking  at  the  last  two  formulae,  it  seems  impossible  that  the 
minerals  can  agree  precisely  with  one  another  in  their  proportions  of 
hydrogen,  aluminum,  silicon,  and  oxygen  ;  yet  they  do  so,  and  by  doing 
so  they  show  how  faulty  is  the  ejcisting  theory  which  succeeds  in 
smothering  &cts  of  such  importance. 

2  L  2 


516  THEORY  OF  POLYBASIC  AND  CONJUGATED  ACIDS. 

Vesuvian.  Idocrase,  Gmelin  gives  the  general  fonniik  3GaO, 
2SiO«  +  Al»0»,SiO*.     This  becomes  i-educed  to  CaAlcSi«0». 

Rammelsberg's  formula  is  3RO,SiO»+R«0«,SiO»;  which  yields  the 
same  result. 

Gmelin  gives  the  following  formula,  which  exhibits  the  vicarious 
elements  of  this  mineral. 

49CaO,  5^^^,  2Fe*0»,  i6Al*0»,  iJ4SiO",  with  an  atomic  wdght  of 
41 25 ' 2.     This  formula  permits  the  following  reduction : 

Ca    Mg    Fe     Al     Si      O 

49       5        4     32     54   216  =  Gmelin's  atoms. 

49       5        0      48  108    108  =  After  correcting  the  atomic  weights. 

54  54       108    108 

T  I  2        2     =3  Division  by  54. 

Hence  the  formulae  of  this  complicated  salt  is  in  roimd  number 
Ca*  Alc*Si*0*,  or,  with  almost  perfect  accuracy : 

I8Ca  SiO 
8AfJS 
iFecSiO. 

FncHSiTE.  Dr.  SchafhUutl  supplies  the  following  formula  for 
Fuchsite  {Gmdin^s  Chemistry ^  iii.  450). 

38  (3KO,  SiO»)  +    2  (3NaO,   SiO»)  + 
360  (Al«0»,SiO»)  +  24  (Cr*0»,  3SiO»)  + 
18  (MgO,SiO»)  -f  13  (Fe«0«,  3SiO*)  + 
9  CaF*. 

Bravo !  This  is  the  ne  plus  ultra  of  chemical  accuracy !  So  charming 
a  performance  deserves  an  attentive  examination.  The  ultimate  atoms 
here  represented  are  114K,  6Na,  i8Mg,  24Fe,  480,  720AI,  52681. 
2904O,  gCa,  18F;  in  all  4387.  When  the  atomic  weights  are  cor- 
rected, the  number  of  atoms  becomes  4383,  and  they  permit  of  arrange- 
ment into  simple  silicates  in  accordance  with  the  radical  theory  as  follows : 

1080  AlcSiO) 

72  Crc,SiOUii88  =  9(Alc»Crc'Fec7,SiO 
36  Fec,SiOj 
18  Mg,SiO) 
114  K  ,Si0U   I38  =  i(;  K"»Na«Mg'  V.SiO 

6  Na  ,SiOj 
126  Si  ,SiO  =126  =  1     Si  ,SiO 

1452     Neutral  silicates. 

=  (KNaMg)»(AlcCrcFec)»Si»0"-f  ^i^CaF; 
nearly  equal  to  KAlc^Si'^O^+^VCaF,  and  not  veiy  for  from  AlcSiO. 
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These  details  show  that  Dr.  Schafhautrs  giant  formula  is  of  no  more 
use  than  the  shortest  possible  formula.  The  affectation  of  marvellous 
accuracy  in  analysis  which  this  formula  displays,  goes  for  nothing, 
because  we  know  that  such  a  degree  of  accuracy  is  beyond  the  power 
of  human  manipulation.  The  short  formula  gives  us  an  idea  of  the 
composition  of  this  mineral.  The  comprehension  of  Dr.  SchafhUutl's 
formula  is  about  as  easy  as  the  comprehension  of  the  distances  of  the 
fixed  stars,  expressed  in  lines  or  millimetres. 

These  examples  are  sufficient  to  show  in  what  manner  I  propose  to 
formulate  the  natural  silicates.  I  double  the  atomic  weight  of  the 
oxygen ;  reduce  the  atom  of  silicon  to  one-third  of  Berzelius*s  number  or 
to  one-half  of  Gmelin's  number ;  and  dismiss  the  sesquioxides  in  a  body. 
The  formuls,  written  on  the  model  of  (R'Rc»'Si*)'0',  then  become  simple 
and  uniform. 

It  may  perhaps  be  objected  that  the  formulae  which  I  reconmiend  for 
the  designation  of  the  silicates  are  unitary,  whilst  I  have  in  other  sections 
of  the  work  strongly  objected  to  the  use  of  unitary  formulae.  I  reply  to 
that  objection,  that  the  formuls  of  the  silicates  are  unitary  by  necessity, 
and  that  nevertheless  they  differ  entirely  in  nature  from  the  unitary 
formulae  which  are  ofben  applied  to  the  hydrocarbon  salts.  In  the 
next  section  I  shall  show  that  the  unitary  formulae  C'^H^O*  exhibit  the 
composition  of  sixteen  different  salts,  which  contain  sixteen  different 
basic  radicals,  and  sixteen  different  add  radicals ;  the  presence  and 
composition  of  not  one  of  which  can  be  inferred  £rom  the  inspection 
of  the  formula  C**IP"0*.  No  such  difficulty  can  possibly  occur  from 
the  use  of  the  formulae  which  I  have  recommended  for  the  silicates. 

I  do.  not  enter  upon  the  consideration  of  the  Classification  and 
Nomenclature  of  the  Silicates.  The  number  of  vicarious  atoms  which 
they  contain  renders  the  construction  of  a  convenient  System  and  the 
application  of  a  correct  Nomenclature  a  matter  of  difficulty,  for  the  dis* 
cossion  of  which  no  space  is  left  in  this  volume. 

With  this  section  I  conclude  my  investigation  into  the  constitution  of 
the  polybasic  and  conjugated  acids;  not  because  the  subject  is  ex- 
hausted, but  because  the  figure  at  the  top  of  this  page  warns  roe  of  the 
necessity  of  bringing  the  discussion  to  a  conclusion.  I  set  out  with  the 
expression  of  the  opinion,  that  every  normal  salt  is  a  binary  compound, 
consisting  of  one  basic  radical  and  one  acid  radical.  I  hope  that  the 
facts  and  arguments  which  I  have  advanced  in  the  course  of  the 
discussion  will  have  satisfied  the  reader  that  this  opinion  was  advanced 
with  reason.  It  is  a  point  of  considerable  importance  in  chemical 
philosophy.  Conjugated  and  polybasic  acids,  like  complicated  organic 
bases,   are  obstacles   to  the  progress  of  chemical  science.     I   have 
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endeavoured  to  expose  the  faUacies  upon  which  they  are  founded,  and  I 
shall  rejoiee  if  that  exposure  helps  to  destroy  their  credit. 


The  Aluminous  and  Aluminic  Badicals. 

In  the  Table  of  Atomic  Weights,  I  have  ascribed  two  equivalents  to 
Aluminum:  the  aluminous  equivalent,  Al  =  13.65,  and  the  aluminic 
equivalent,  Ale  s  9 .  i  ;  the  latter  corresponding  to  the  ferric  atom, 
and  the  former  to  tlie  ferrous  atom. 

I  have  been  induced  to  suggest  two  equivalents  of  aluminum,  in  con- 
sequence of  the  results  of  the  recent  experiments  of  Mr.  Crura,  one  of 
which  is  represented  in  the  following  diagram : 

AlcSO"         ^  f  Pb,SOM 


AlcSO* 
AlcSO" 


Pb,SO' 


Pb,C«H«0»     f  ^^^^^  ]  Al.CTPO* 
Pb,C»IPO"  A1,C«H«0* 

Pb,c«H»o«  j  I     cmy 

Namely,  an  atom  of  the  compound  commonly  called  Tersulphate  of 
alumina,  mixed  with  3  atoms  of  acetate  of  lead,  produce  3  atoms  of  sul- 
phate of  lead,  I  atom  of  binacetate  of  alumina,  and  i  atom  of  free  acetic 
acid.  That  is  to  say,  as  much  alumina  as  saturates  3  atoms  of  solphuiic 
acid,  can  saturate  only  2  atoms  of  acetic  acid. 

I  am  inclined  to  explain  this  result,  by  supposing  that  the  3  aluminic 
atoms  in  the  sulphate  are  converted  during  the  process  of  double  decom- 
position, into  two  aluminous  atoms,  which  take  up  two  atoms  of  acetic 
acid,  and  leave  the  third  atom  free.  The  free  acid  is  lefi,  however, 
without  a  base.  If  it  takes  H  from  the  water  of  the  solution  to  supply 
that  want,  either  oxygen  must  be  liberated,  or  peroxide  of  hydrogen  be 
dissolved  in  the  mixture.     Thus : 

(7H»0«  +  HH0  =   H,C*H»0«  +  HO. 

or  else,  (^^(y  +  ^^^  =   jj  C«H'0*  "*" 

This  assumption  of  two  different  radicals  of  aluminum  is  countenanced 
by  other  facts  detected  by  Mr.  Cmm,  namely,  that  there  are  two 
hydrates  of  alumina  possessed  of  very  different  properties,  and  that  the 
acetate  of  alumina  can  be  so  altered  by  heat  as  to  lose  its  power  of 
acting  as  a  mordant.  I  am  not  able  to  say,  that  the  aluminous  atom,  as 
distinct  from  the  aluminic  atom,  certainly  exists ;  but  Mr.  Cram's 
researches  certainly  point  towards  such  a  conclusion,  and  are  difficult  of 
explanation  on  the  ordinary  theory  of  salts. 
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My  friend,  Mr.  W.  D.  Clark,  has  communicated  to  me  another  fact 
which  seems  also  to  point  to  the  conclusion,  that  there  are  two  different 
oxides  of  aluminum.  If  a  quantity  of  calico,  mordanted  with  alumina, 
is  boiled  with  a  quantity  of  madder  a  littU  too  small  to  dye  the  cloth  of 
a  desired  colour,  the  operation  entirely  fails.  The  cloth  does  not  obtain 
a  faint  shade  of  the  desired  colour,  corresponding  with  the  insufficient 
qtumtity  of  madder,  but  there  is  produced  an  entirely  different  compound 
by  which  the  cloth  is  sometimes  spoiled.  This  result  seems  to  show  it 
to  be  possible  to  convert  the  Mordanting  oxide  of  aluminum  into  the 
Non-mordanting  oxide  even  af\er  its  combination  with  vegetable  fibre. 
These  facts  are  quite  in  accordance  with  the  theory  which  I  have 
advanced  respecting  the  transmutability  of  basylous  and  basyllc  radicals. 


Thoughts  on  the  Origin  and  Metamorphoses  of 

Organic  Eadicals. 


A  great  proportion  of  the  solid  mass  of  plants  consists  of  compounds 
which  contain  carbon  united  to  those  proportions  of  oxygen  and  hydrogen 
that  are  necessary  to  compose  water.  C  +  HHO.  We  can  account  for 
the  production  of  such  compounds  by  assuming  that  w^ater  and  carbonic 
add  combine  together,  under  separation  of  the  quantity  of  oxygen  which 
is  not  required  for  these  organic  compounds.  The  separation  of  the 
oxygen,  and  the  combination  of  the  residues  appear  to  take  place,  under 
circumstances  which  I  shall  state  more  explicitly  hereafter,  in  the  cells 
upon  the  leaves  of  the  plants  which  are  exposed  to  sunshine. 
000  +  HHO  give  off  00  and  produce  CHHO.  This  product  appears 
to  me  to  be  the  oxide  of  the  important  neutral  radical  which  I  have 
called  Vinyl  =  CH*.  Accordingly,  I  projx)se  to  give  to  this  compound 
the  formula  CH'O,  and  to  call  it  \inylate. 

The  relation  borne  by  vinylate  to  certain  important  neutral  vegetable 
substances  may  be  expressed  as  follows : 

CH'O.  Vinylate.     This  is  the  composition   of  Fructose,  sugar  of 

fruits,  or  grape  sugar. 
C  +  (CH*0)*.  Dried  milk  sugar. 
C  +  {CH«Oy  4-  HHO.  Milk  sugar,  undried  =  CH«0. 
C  +  (CH*0)*.  Starch.    Cellulose.    Woody  fibre  (flax,  cotton,  paper). 
C  -f  (OTOy  +  HHO,HHO.     Glucose.      Starch  sugar  =  (CH«0)' 

-f  Aq. 
C  4-  (CH*0)*.  Lignin,  but  which  is  of  variable  composition. 
C  -f  (CH'Oy.  Inulin. 
C  +  (CH*0)".  Cane  sugar.     Arabin  (gum  arabic). 
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The  above  important  compounds,  comprehending  woody  Bbre,  the 
gums,  starches,  and  sugars — ihe  solid  structure  of  trees,  and  the  sweet 
juices  of  fruits,  seem  to  be  all  reducible  to  compounds  of  vinykte  united, 
atom  after  atom,  to  a  single  atom  of  carbon  =  C  +  CH*  +  CH*  + 
CH«,  &c. 

When  these  compounds  lose  their  single  atom  of  carbon,  they  are  all 
reduced  to  the  condition  of  vinylate  or  grape  sugar.  Thus,  when  cane 
sugar  is  acted  on  by  an  alkali  or  an  acid,  the  atom  of  carbon  is  removed 
and  grape  sugar  remains.  So  also  when  starch  or  wqody  fibre  is  acted 
on  by  an  acid,  the  atom  of  carbon  is  removed,  and  grape  sugar  or 
vinylate  remains.  It  would  be  an  important  discovery  in  the  chemica} 
arts,  could  we  find  a  method  of  combining  with  a  multiple  of  grape 
sugar  this  odd  atom  of  carbon  which  converts  it  into  starch  or  into  cane 
sugar.  But  at  present  our  chemical  power  is  limited  to  the  deoompositkm 
of  the  higher  orders  of  organic  compounds.    We  cannot  reoompase  them. 

It  appears,  from  these  considerations,  that  vinylate,  or  the  simplest 
form  of  sugar,  is  the  nutritive  principle  of  plants,  the  material  which  is 
employed  to  form  the  various  radicals  which  the  different  orders  of 
plants,  and  the  diderent  organs  of  each  plant,  demand  for  their  support 
The  metamorphoses  of  the  sugar  probably  takes  place  in  the  cells  of  the 
green  leaves,  of  the  blossoms,  or  of  the  fruit ;  in  those  parts,  namdy, 
where  it  is  acted  upon  by  the  light  and  heat  of  the  sun,  and  where  it  is 
able  to  disengage  its  superfluous  oxygen.  It  is  difficult  to  form  a  precise 
idea  of  the  processes  by  which  this  change  of  sugar  into  radicals,  or  into 
salts  competed  of  radicals,  is  effected.  Probably  the  walls  of  the  cells  in 
which  the  operations  occur  consist  of  azotic  substances,  which  give  them 
the  power  of  galvanic  batteries.  It  is  possible  that  the  azotes  of  those 
cells  may  be  endowed  with  very  active  powers,  and  may,  acGording  to 
certain  conditions  of  osmose,  regulated  by  light,  heat,  air,  and  water, 
run  incessantly  backwards  and  forwards  through  its  various  characters  of 
amidogen-,  ammonium-,  and  cyanogen-former,  and  thus  repeat  in  each 
particulfli*  cell  those  processes  of  construction  and  transformation  of 
radicals  which  I  have  endeavoured  to  desanbe  and  classify  in  treating  of 
the  theory  of  azotic  radicals.  Millions  of  such  cells  exist  in  a  taft  of 
grass  or  the  twig  of  a  plant  It  is  known  that  they  are  azotic ;  it  is 
known  that  azotic  cells  have  a  powerful  action  even  on  dead  vegetable 
matter  (as  in  fermentation) ;  it  is  known  that  plants  grow  vigoroosly 
after  a  thunder-storm ;  and  these  conditions  are  all  favourable  to  the  idea 
that  the  conversion  of  sugar  into  compound  radicals  is  the  work  of  azote, 
acting  with  intense  electrical  force  in  the  cells  of  plants  exposed  to  air 
and  light. 

When  the  oxygen  is  disengaged,  the  residue  of  the  components  of 
sugar  can  produce  an  astonishing  variety  of  radicals  which  difi*er  aoowd- 
ing  to  the  wants  of  the  plants,  or  to  other  special  circumstances  which 
lead  to  their  production.     I  will  quote  a  few  instances. 


ORIGIN  AND  METAHOBPHOSES  OF  ORGANIC  RADICALS.  521 

a).  When  jargonelle  pears  are  in  course  of  ripening,  the  compound 
which  gives  them  their  odour  and  flavour  is  produced  by  the  metamor- 
phosis of  7  atoms  of  CH*0  minus  O*.  The  product  is  C*H",(?H«0*, 
which  I  may  call  amyla  acetylete,  or  the  acetate  of  amyl,  a  compound 
which  is  now  made  artificially,  and  sold  under  the  name  of  pear-oil  or 
essence  of  jargonelles.  In  the  production  of  this  essence,  one  atom  of 
sugar  is  divided  into  H  +  CH.  5  atoms  of  CH"  then  become  attached 
to  the  odd  atom  of  H,  producing  amyl  =  C*H",  and  i  atom  of  CH*  to 
the  atom  of  CH,  producing  acetyl  =  C^.  For  this  salt,  and  for  all 
the  salts  of  the  vinyl  series,  only  two  atoms  of  oxygen  are  required,  so 
that  all  the  rest  of  the  oxygen  belonging  to  the  atoms  of  vinylate  which 
are  required  to  produce  the  salt  must  be  disengaged. 

All  the  ethei^al  essences  which  give  fragrance  and  flavour  to  ripen- 
ing fruits  appear  to  be  produced  in  the  same  manner.     Thus : — 

C?H*M^,  the  residue  left  by  the  expulsion  of  C  firom  five  atoms  of 
sugar,  produces  CH',C*H'0'  =  methyla  butyrylete,  or  the  butyrate  of 
methyl,  which  is  the  essence  of  the  apples  called  rennets. 

C*«H"0»  produces  C*H",C*H*0"  =  amyla  valerylete,  or  valerianate  of 
amyl,  the  essence  of  other  varieties  of  apples. 

OK»'0*  produces  C*H*,C*H^O*  =  ethyla  butyrylete,  or  the  butyrate 
of  ethyl,  the  oil  which  yields  the  flavour  of  the  pine-apple. 

CH'^O*  produces  C^*,C"H''0'  =  ethyla  pelaigylete,  or  the  pelaigo- 
nate  of  ethyl,  which  is  the  essence  of  quinces. 

O'H'K)"  produces  C^*,C^»«0*  =  ethyla  oenanthylete,  or  oenanthylate 
of  ethyl,  an  oil  which  gives  flavour  to  Hungarian  wine.  It  is  probable 
that  the  flavour  of  many  wines  may  thus  be  imitated. 

The  metamorphoses  of  sugar  into  these  fragrant  essences  is  only  a 
single  example  sdected  from  a  multitude  of  possible  changes.  The  Table 
of  Examples  on  the  following  page  exhibits  a  more  enlarged  view  of  these 
interesting  metamorphoses. 
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Products  op  the  Metamorphoses  of  Sugar. 


From  C*H»0« 

From  C«H'«0« 

From  C«H**0« 

From  C'«H«K)« 

—  4  atoms  of  Sugar 

=  8  atoms  of  Sugar 

=  13  atoms  of  Sugar 

=  i6  atoms  of  Sogar 

minos  0*. 

minus  0*. 

minus  0*". 

minos  O*^. 

H  ,C*H'0« 

H  ,C-H»»0» 

H  ,C^«IPW 

H  ,C>«H«0» 

C»H',(7H*0« 

C»H"  ,(7H'«0« 

C»  H»  ,C"IP»()« 

C*  H»  ,C»»Hn)« 

C«fl».C*H»0" 

C"H*  ,C»H"0* 

.  C  H»  ,C'«H'»0* 

C  IP  ,C»*H»0^ 

C»H',C»ffO« 

CE7  ,C»IP  0« 

(7  IF  ,€•  H»^0« 

C"IF,C»H«0« 

C*H»  ,C*H'  0* 

C*  H»  ,C»  H'*0* 

C  H»  ,C'TI"^)^ 

0»H",C»H»  0« 

C»  H»,(7  H»»0» 

C»  H",e'H«0« 

CH»»,C*H"  0« 

€•  H",  €•  H"0« 

C*H^C'*H'W 

(7H»»,C'H*  0" 

(7  H'*,C»  H*  0« 

C7  H",C*  H'W 

C»  ff ',C*  IF  0« 

(T  H",C*  H'V 

C"  H»,cr  IP  0« 

€•  H^C  H»W 

C*IP,C«  H«  0" 

(^•H",C«H»'0^ 

C»H",C»  H'  0» 

C«H»,C*  H'  OF 
C'IP'.CflPCy 
C"H«  C«  IPO« 

C*IP»,C'  W  (T 

From  C»H«0*  =  30  atoms  of  Sugar  minus  O". 


H  ,C»H«0»  Hydro  melissylete. 
e  IP  ,(rH^O»  Methyla         ? 
C«  H*  ,C»H**0*  Ethyla  ? 

C»  H'  ,C^H«0«  Propyla  cerotylete. 
C*  H"  ,C*H"0«  Butyla  ? 

C*H",CPH«0»AmyIa 
C  H",C^H*'0«  Hexyla 
(7H»C»H**0«HeptyU 
(?H»',C-H^^Octyla  ? 

<?  H",C«»H*»0«Nonyla  behenylete. 
C'«H",C»H»0»  Decatyla  arachylete. 
C»H»,C«*H-'0»  Endecatylabalenylete 
C'«H«,C«H«*0«  Dodecatylasteanrlete 
C«»H«',C"'H»0«        ?     margarylete 
C»*H«,C»«H«0»         ?     palmitylete 


f 

9 
9 


C"H«,C"H»0«     ? 
C»*H»C"H«^0"Cetyla 
QirH»  C«IP»0«      ? 

C?»H",C»  H*  O*     ? 

C^H»  C»  H»  0«  Ceryla 
C"H^C«IPO«      ? 


benjiete. 

mjristjkte. 

cocinylete. 

laoiylete. 

mar^^aritykte. 

nitylete. 

pdargylefee. 

caprylete. 

(BDanthvletew 

capioyiete. 

valeiylete. 

bntjrylete. 

propionyletaL 

aoetylete. 

foraiylete. 


The  sign  ?  indicates  that  the  radicals  are  undiscorered  or  mmamed. 
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According  to  this  Table,  the  metamorphoses  of  4  atoms  of  sugar  can 
produce  4  different  complete  salts,  each  with  a  different  acid  radical  and 
a  difierent  basic  radical.  Which  of  these  four  compounds  is  producible 
on  anjT  given  occasion,  depends  upon  the  wants  of  the  plant,  upon  its 
power  of  metamorphoses,  or  upon  other  causes  which  it  is  impossible  to 
specify. 

In  the  same  manner,  8  atoms  of  sugar  produce  8  different  salts. 
12  atoms  of  sugar  produce  12  different  salts.  16  atoms  produce  16 
salts.  30  atoms  produce  30  salts.  Hence  it  appears,  that  any  number 
of  atoms  of  sugar  can  produce  by  metamorphoses  an  equal  number  of 
different  salts. 

Several  particulars  resulting  from  these  observations  require  notice. 

a).  In  all  the  groups  of  this  Table,  every  add  radical  is  combined 
with  a  different  basic  radical.  This  fact  proves  that  these  radicals  are 
exchangeable  or  equivalent,  and  that,  whatever  their  composition,  how- 
ever high  or  however  low  they  stand  in  the  scale,  their  power  of  neu- 
tralisation is  the  same.  Every  radical  in  the  series  is  chemically  equivar 
lent  to  every  other  radical,  and  the  replacement  of  the  most  complex  by 
the  most  simple  is  attended  by  no  change  in  neutrality.  In  the  year 
1845,  Professor  Hofmann  expressed  opinions  that  were  antagonistic  to 
these  facts.  '*  By  organic  base,  in  the  strict  sense  of  the  word,  I  under- 
stand, with  Liebig,  that  class  of  compound,  azotised  bodies,  which  pos- 
sess all  the  properties  of  basic  metallic  oxides.  The  oxides  of  ethyle, 
methyle,  &c.  are  not  included,  as  the  most  common  character  of  salts  is 
wanting  in  their  compounds,  viz.,  the  replacement  of  their  acids  by 
other  acids,  and  their  bases  by  other  bases."  Memoirs  of  the  Chemical 
Society,  ii.  268.  In  the  year  1857,  Professor  Hofmann  may  probably 
be  induced  to  abandon  these  opinions,  opposed  as  they  are  to  innumerable 
fiusts  which  prove  that  ethyl,  methyl,  &c.,  are  true  radicals,  each  pre- 
cisely equivalent  in  basic  power  to  the  most  complicated  ammoniums. 

h).  We  perceive  the  utter  worthlessness  of  unilmy  formuUB  as  applied 
to  organic  salts.  The  formula  C'H'^O"  applied  to  a  compound  of  the 
vinyl  series,  signifies  sixteen  different  salts,  and  every  similar 
unitary  formula  signifies  as  many  d^erent  salts  as  it  contains  atoms  of 
carbon ;  of  which  ^t,  the  unitary  formula  gives  no  intimation. 

c).  We  have  a  complete  exposition  of  Berzelius's  doctrine  of  meta^ 
merism,  a  term  by  which  he  indicated  <<  the  case  in  which  the  compound 
atoms  of  two  chemical  compounds  containing  the  same  elementary 
atoms,  and  for  the  most  part  in  the  same  proportions,  are  nevertheless 
made  up  of  different  proximate  elements."  We  see  in  the  opposite  Table 
5  complete  metameric  groups,  and  we  perceive  both  the  cause  and  the 
extent  of  the  metamerism,  and  can  therefore  complete  other  groups  at 
our  pleasure. 

rf).  The  note  of  interrogation  in  Group  5  of  the  Table,  shows  the 
position  and  composition  of  the  radicals  of  the  vinyl  group  which  have 
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not  yet  been  recognised.     Of  course,  these  radicals  are  nnnanaed,  which 
accounts  for  the  blanks  in  the  names  of  the  salts  of  this  group. 

I  take  this  opportunity  of  suggesting,  that  as  known  radicals  are  be- 
coming numerous,  it  will  soon  be  found  expedient  to  have  some  kind 
of  Systematic  Names,  to  identify  them  and  to  intimate  their  oompoatiaD. 
In  this  work  I  have  used  the  names  of  radicals  as  I  found  them,  though 
many  are  objectionable,  and  the  series  must  soon  be  greatly  enlarged. 
Thisi  point  may  therefore  be  recommended  to  chemists  as  one  that 
requires  early  consideration.  It  is  quite  possible  to  designate  the  predse 
composition  of  all  possible  hydrocarbons,  the  composition  of  which  does 
not  exceed  C'^H'"®,  by  names  of  two  syllables,  easy  to  distinguish  and 
to  recollect,  and  not  liable  to  run  into  confusion  with  those  terminal 
numerals,  which  I  have  recommended  to  be  used  as  enumezators  of 
radicals  and  of  oxygen  when  combined  into  salts. 

I  proceed  now  to  direct  the  reader's  attention  to  the  relations  which 
the  organic  radicals  bear  to  one  another.  I  have  thrown  the  most  im- 
portant  of  them  into  the  Table  which  is  printed  on  the  opposite  page, 
and  which,  though  imperfect,  may  serve  as  the  first  rough  sketch  c^  that 
chart  of  organic  radicals  which  I  have  described  at  page  8i,  as  being  so 
desirable  an  acquisition. 


Classification  of  Radicals.  If  this  Table  were  correct  and 
complete,  it  would  present  a  classification  of  radicals.  The  radicals 
placed  in  the  vertical  columns  of  this  Table  are  far  more  closely  connected 
together  than  those  which  occur  in  the  horizontal  lines.  The  latter, 
indeed,  present  a  uniform  quantity  of  carbon,  and  this  uniformity  induced 
Gmelin  to  plan  the  arrangement  of  organic  bodies  in  his  great  system, 
in  accordance  with  the  quantity  of  carbon  alone.  It  has  proved  to  be 
very  disadvantageous  to  his  book ;  for  the  relations  of  the  I'adicals  that 
are  similar  only  in  the  number  of  atoms  of  carbon,  are  hr  less  important 
than  those  which  characterise  the  radicals  of  each  vertical  group  in  this 
Table.  Had  he  taken  such  groups  for  his  standards,  and  had  he 
arranged  the  salts  of  each  radical  on  the  plan  of  his  inorganic  chemistzy, 
the  organic  chemistry  would  have  been  as  easy  of  reference  as  the 
inorganic  part,  whereas  it  is  now  extremely  complicated  and  troable> 
some. 


Total  Number  of  Organic  Radicals.  It  is  a  remarkable  circum- 
stance, that  the  number  of  well-known  Organic  Radicals  does  not 
greatly  exceed  the  number  of  Inorganic  Radicals,  page  28. 
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Relations  of  the  Organic  Radicals. 


A. 

B. 

C. 

D. 

E. 

nOH«+H« 

nCH«-H« 

nCH«-H« 

nCH«-.H» 

nCH«-H* 

«CH«-CH 

nCH«+CH 

fiCH«+C» 

C'ffk 

C^H'k 

C*H»k 

CH'k 

C«H»k 

C«H«k 

Cffk 

C«H«k 

(?H'k 

C»H»k 

C»H*k 

C»IPk 

C»H« 

C*H»k 

C*H'k 

C*H*k 

C*H*k 

C*H*kB 

C*H»k 

C^H'k 

c»mc 

C*H'k 

C^H^kB 

C«H«k 

C*H"k 

CW 

C*H» 

(7H»k 

(7H"k 

(7H" 

(7H»»kB 

CfH'nc 

0»H"k 

CH»>k 

C»H« 

CH" 

e»H»^ 

CH" 

C»H"kB 

Ql«H« 

C»«H^*k 

C^*H»'k 

C"H"k 

C'»H«k 

C"H^» 

C"H»k 

C*«H»k 

C«H*' 

C»»H»nc 

C«H«k 

C"H" 

(7*H» 

C'*H«Tc 

C»*H*» 

C"H«»k 

C"H»k 

C^H«Tc 

^•ir«k 

C^'IP^k 

C*»H»k 

CiTHM 

C»^H»k 

Ci7H8i 

C"H"' 

cm^k 

C«H»k 

C'll* 

C^'TH'^k 

C>»H»k 

C»H« 

C»H*k 

C"H«' 

C»H« 

C*»H*'k 

C?*H» 

C"H*» 

C«H« 

C"H«k 

C"H^ 

C"H« 

1 

C«H^ 

C?^H^ 

C»H" 

C«»H* 

' 

c«Ta» 

C«H« 

C^H»k 

CFH»k 

C-H'^ 

C"H» 

C*'H«' 

C»H^ 

1 

1 

C»H"k 

C*H»k 

(^Continued  on  the  next  page,) 
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Relations  op  the 


F. 

G. 

H. 

L 

K.    ; 

nCH«-H» 

nCH*-H« 

iiCH«-H7 

nCH«-H» 

iiCH«-H»    1 

cm' 

CH^kB 

1 
1 

C*H«k 

C*H» 

G*IP 

1 
1 

C*H*kB 

C*H«k 
CH»k 

ClPk 
(?H"k 
C»«H»k 

CM*        1 
<7H»k 
CH'k 
CH'k     • 
C*H"k 

1 

Explanation  of  the  Table  exhibiting  the  Relations  which  the 
Organic  Radicals  bear  to  one  another. 

I  have  arranged  the  radicals  in  Tertical  columns  according  to  the 
method  of  grouping  them  which  is  most  in  use  among  organic  chemists ; 
that  is  to  say,  in  agreement  with  the  formulae  nCH"-f-H*,  nCH*— H*, 
nCH«-H",  &c. 

I  wish  it,  however,  to  be  understood,  that  these  headings  do  noi 
represent  my  opinion  of  the  Constitution  of  the  radicals  that  are  placed 
below  them.  If  these  formulse  represent  the  result,  they  certainly  do 
not  represent  the  order,  of  Nature's  proceedings.  If  Nature  has  to 
produce  a  Hill,  she  certainly  does  not  in  the  (u^t  instance  produce  a 
Mountain  and  then  cut  it  down.  The  early  crystallographers  supposed 
that  if  Nature  wanted  to  produce  an  octahedron,  she  first  produced 
a  cube  and  then  cut  off  all  its  corners  till  nothing  remained  of  Its 
original  faces,  but  a  mathematical  point  in  the  centre  of  each.  In  like 
manner,  these  organic  formulae  appear  to  assume,  that  if  Nature  desires 
to  produce  a  radical,  such  as  cumyl  for  example,  she  first  combines 
togc^ther  ten  atoms  of  vinyl  into  the  compound  C*"H*,  and  then  takes 
away  H*,  and  leaves  the  desired  result  C**H".  I  renounce  that  metJiod 
of  explanation,  believing  Nature's  process  to  be,  in  all  cases,  that  of 
adding  atom  to  atom  one  by  one  till  she  reaches  the  desired  point.  She 
never  overworks  herself,  in  order  to  be  forced  to  undo  what  she  has  done 
amiss. 

The  horizontal  lines  in  the  Table  represent  the  radicals  which  agree  in 
possessing  the  same  quantity  of  carbon. 

Throughout  the  Table,  proceeding  fix)m  above   downwards,  every 
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Organic  Radicals. 


L. 

M. 

N. 

0. 

P. 

nCH«-HW 

»CH«-H" 

nCH«-H»» 

nCH«=H" 

nC+H 
nC+CH 

cm' 

C^ 

(?IP 

CffTcB 

OTL' 

CIP 

CH» 

C^H*kB 

C7H«k 
C"H» 

(7ffk 
C»IPk 

(7H>k 

(?Wk 

CH^kB 

C"H»kB 

C*H» 
C"IFk 

radical  exceeds  the  one  above  it  by  the  addition  of  CU*,  proving  that  the 
same  relation  which  holds  true  among  the  radicals  of  the  vinyl  series, 
quoted  in  columns  A.  and  B.,  holds  equally  true  in  all  the  other  series ; 
the  differences  being  confined  to  the  constitution  of  the  first  radical,  or 
starting  point  of  each  group.  This  principle  of  a  common  difference 
among  a  series  of  radiods  is  what  Grerhardt  calls  Homology.  Every 
column  in  the  Table  is,  in  his  terms,  an  Homohgcus  series. 

The  radicals  which  are  marked  k  in  the  Table  are  known  to  chemists, 
if  not  in  an  isolated  state,  at  least  in  some  form  of  combination.  Those 
marked  B.  are  the  radicals  of  bibasic  acids :  strictly  speaking  many  of  these 
should  be  rejected  fh>m  this  Table,  because  they  are  actually  double 
radicals,  and  appear  again  in  their  single  form  in  other  groups  in  the 
Table.  See  columns  0.  and  E.,  and  the  article  on  the  succinic  group  of 
salts,  page  441. 

Most  of  the  radicals  in  the  Table  have  an  uneven  number  of  atoms  of 
hydrogen,  and  only  those  which  have  that  composition  seem  to  possess 
an  atomic  measure  when  they  form  part  of  gaseous  salts.  The  salts  of 
vinyl  CH*,  of  succinyl  C*H*,  of  salicyl  CTH*,  when  in  the  gaseous  state 
measure  only  as  much  as  is  due  to  the  radicals  with  which  they  are  in 
combination. — See  page  96. 

Group  A.  Basic  Radicals  of  the  Vinyl  Group  ;  and 

Group  B.  Acid  Radicals  of  the  Vinyl  Group. 

These  two  groups  have  undergone  so  complete  an  investigation  in  the 
preceding  pages,  particularly  in  the  articles  between  pages  49  and  81,  and 
just  now  in  the  note  on  the  metamorphoses  of  sugar,  that  I  need  not  go 
into  fiuther  details.     The  radicals  of  this  series  which  are  known  to 
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chemists  are  marked  k.  The  others  will  probably  soon  be  foand.  I 
have  pointed  out  (pages  73  to  77,  page  407,  Ac.)  several  processes  by 
which  the  radicals  of  this  series  can  be  successively  reduced  from  basic 
to  acid,  and  firom  acid  to  basic,  by  the  alternate  removal  of  H*  and  C^ ; 
and  there  is  no  doubt  that  a  continuation  of  researches  of  this  character 
will  soon  produce  the  radicals  that  are  now  unknown,  among  the 
products  of  the  decomposition  of  the  radicals  which  are  placed  higher  in 
the  series. 

Buckton's  recently  published  interesting  researches  respecting  the 
acids  of  the  succinic  group  (see  page  454)1  prove  that  much  can  be  suc- 
cessfully accomplished  by  acting  on  the  higher  members  of  the  organic 
compounds.  But  the  energy  of  Buckton's  agent — hot  nitric  add — is 
such  as  to  shatter  the  complex  radicals  too  readily  into  fragments.  It  is 
desirable  to  employ  milder  processes,  and  thus  to  reduce  the  complex 
radicals,  step  by  step,  down  the  scales  of  basic  to  acid,  and  acid  to  basic, 
until  those  intermediate  radicals  which  have  hitherto  escaped  detection, 
but  the  places  and  composition  of  which  are  indicated  in  the  Table,  are 
produced  and  converted  into  characterising  salts.  All  the  compound 
radicals  which  are  lower  in  composition  than  C*H**  will  certainly  be 
discovered  if  they  are  carefully  sought  for. 

Group  C.  Eadkals  of  the  Succmic  Group. — ^Monobasic.  They  are 
described  at  page  441.  It  Ls  assumed  of  the  radicals  of  this  group,  that 
they  are  formed  by  the  successive  addition  of  atoms  of  vinyl  to  om 
atom  of  carbon ;  every  step  in  that  additive  process  producing  a  neiv 
radical.  The  primary  radical  C^  and  its  firat  compound  C*H*,  both  have 
the  peculiarity  of  losing  their  atomic  measure  when  they  form  gaseous 
salts.     The  other  membera  of  the  series  do  not  produce  gaseous  salts. 

Group  D.  The  salts  of  this  group  differ  among  themselves  by  the 
common  diflference  of  CH',  and  they  contain  as  an  invariable  element,  or 
common  ingredient,  the  radical  CH  which  stands  at  the  head  of  the 
list.  This  radical  is  equivalent  to  CH  +  C,  which  are  the  characteristics 
of  the  salts  of  Groups  B  and  C,  and  therefore  the  radicals  of  Group  D 
are  each  equal  to  a  radical  belonging  to  Group  B  combined  with  another 
belonging  to  Group  C.  Yet  they  are  all  monobasic,  and  we  must 
consequently  consider  them  to  be  single  radicals.  The  known  radicals 
of  this  series  are  as  follows:  C*H.  Maleyl;  fiimaryl;  dyl;  see  the 
article  on  the  Malic  Group,  page  41 1 ,  and  the  Citric  Group,  page  424. 
CH".  Acryl ;  pyruvyl ;  tryl ;  see  the  article  on  the  Citraconates, 
page  438.  C*H*,  the  radical  of  isotartaric  acid.  CH',  the  radical  of 
camphoric  acid  and  angelic  acid.  CH",  conyl,  probably  the  ratlical 
contained  in  conia.  C'°H*^  the  radical  of  campholic  acid.  C**H*',  the 
radical  of  moringic  acid,  procured  from  the  oil  of  ben.  C'*H",  the 
radical  of  hypogeic  acid,  a  compound  produced  during  the  saponification 
of  arachidic  acid,  which  is  formed  by  the  radical  arachy  1  =  C'lP*  of  the 
vinyl  series.     C^H",  oleyl,  the  radical  of  oleic  acid.     C»IP*,  the  radical 
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of  doeglinic  acid,  which  is  procured  fix>m  a  species  of  sperm  whale ;  it  is 
remarkable  for  being  an  oil  which  contains  no  glycerine.  C*H**,  the 
radical  of  enicic  or  brassic  acid,  derived  from  the  oil  of  mustard. 

The  radicals  of  this  series  appear  to  be  nearly  all  produced  by  the 
application  of  heat  to  substances  that  belong  to  the  vinyl  series,  and  theis 
relation  to  the  radicals  of  that  series  is  easily  perceived.     Thus 

Glvcyl  (or  allvl)  =  CfH»    -  H«  =  acryl         CTEP. 
St^aryl  '      =  C»*H»  -  H"  =  oleyl        C"H» 

Olevl  =  C'»H»  -  C»  =  margaryl  C^'H" 

Acetyl  =  C«H-    -  H*  =  fumaryl    C«H». 

In  short,  all  the  radicals  of  this  group  may  be  considered  to  be  converti- 
ble into  acid  radicals  of  the  vinyl  series,  Group  B,  by  the  addition 
of  H*,  or  the  subtraction  of  C^  Probably  they  all  existed  in  the  living 
plant  or  animal  as  members  of  the  vinyl  series,  and  owe  the  forms  in 
which  they  are  shown  in  Group  D,  to  the  metamorphoses  effected  by 
the  chemical  reactions  that  were  employed  to  effect  tlieir  separation  from 
other  substances.  The  whole  of  the  series  D,  except  C*H  may  also  be 
considered  as  compounds  of  CH',  repeated  n  times,  with  one  atom  of 
pyruvyl  (7H'  constant  in  all,  and  it  is  remarkable  that  this  last  atom  is 
that  which  is  frequently  produced  when  other  more  complex  radicals 
are  subjected  to  heat  Pyruvic  acid  =  H,CH"0'  is  equal  to  a  com- 
pound of  formic  acid  =  H,CHO*  with  pyrogallic  acid  =  CH,CHO,  all 
of  w^hich  are  nearly  allied  in  their  chemical  characters. 

Group  E.  With  the  exception  of  the  starting  radical  C,  which 
represents  the  acid  radical  of  the  mellates,  all  the  radicals  of  this  group 
are  double  radicals  of  Group  C.  They  form  double  salts,  and  appear  to 
have  no  title  to  be  called  simple  radicals.     See  page  441. 

Group  F.  I  find  no  radicals  which  can  with  any  certainty  be  ascribed 
to  this  group. 

Group  G.  (?  is  the  acid  radical  of  the  mesoxalic  acid,  which  has  the 
formula  H*,CK)',  and  is  therefore  appai-entlybibasic;  but  this  acid  belongs 
to  an  important  series  of  compoimds,  the  products  of  the  decomposition 
of  cyanyl,  which  I  have  not  examined  in  this  volume.  I  consider  this 
£:>rmula  to  represent  a  double  salt.  C^H'  is  phtalyl,  the  radical  of  phtalic 
acid,  which  is  commonly  said  to  be  bibasic,  but  which  is  actually  mono- 
basic ;  its  salts  corresponding  to  the  formula  M,C*H*0*.  This  fact  is 
completely  confirmed  by  the  constitution  of  thephtalamides,  phtalimides, 
and  phtalaniles  of  the  series.  C^H^  is  the  assumed  i-adical  ot  the  citraconic 
acid,  which  I  have  shown  to  be  a  double  acid ;  see  page  4:^8. 

Group  H.  The  known  radicals  of  this  series,  except  the  first  two  on  the 
list,  are  so  important  that  they  have  undergone  repeated  discussions  in  the 
preceding  pages.  C*H®  is  the  radical  of  the  pyromeconic  acid,  C*H*  is 
phenyl.  The  same  composition  is  commonly  ascribed  to  citryl,  but  the 
arguments  which  I  have  used  in  the  article  on  the  citrates  at  page  434, 
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prove  that  citryl  is  not  a  radical.  (71F  is  toluenyl  (and  anisol?) 
0»H»  is  xylenyl.  CH"  is  cumeoyl.  C'«H"  is  thyniyl.  These  radicals 
are  all  of  the  basic  order,  and  act  in  salts  as  basic  radicals  witfaont 
requiring  any  oxygen  beyond  that  which  is  proper  to  the  normal  salts  of 
the  acid  radicals  with  which  they  combine. 

In  tracing  the  homology  of  this  group  of  radicals  from  below  npwaids, 
we  come  to  the  radical  C^H',  which  does  not  belong  to  the  vinyl  series;. 
I  have  endeavoured  to  account  for  the  origin  of  this  radical  in  Group  P, 
where  I  suppose  that  a  series  of  radicals  are  produced  by  the  saocessive 
addition  of  atoms  of  C^  to  one  atom  of  H,  taken  as  the  primary  nackos. 
The  radicals  of  Group  H  belong  to  the  series  of  essential  oils,  which  are 
produced  by  nature  in  fruits  and  seeds  under  circumstances  where  not 
only  oxygen  but  water  itself  could  be  given  off  during  the  conversioo  <rf 
sugar  into  the  oils  demanded  by  the  wants  of  the  living  plant.  In  that 
way  atoms  of  carbon  could  be  added  to  salts  of  the  vinyl  series  till  the 
composition  demanded  by  the  plant  was  completed,  though  it  is 
impossible  to  form  a  clear  idea  of  the  manner  in  which  this  opeiatioB 
takes  place. 

The  aitificial  formation  of  some  of  these  radicals  takes  place  in 
accordance  with  hcts  that  have  been  frequently  referred  tou  Thus, 
indyl  =  C'H*  the  basis  of  indigo,  can  by  chemical  means  be  deprived  of 
C"  and  be  made  to  receive  an  addition  of  EP,  producing  C*BP  phenyl. 
These  two  operations,  viz.,  the  abstraction  of  C*,  or  the  addition  of  H", 
frequently  take  place  among  radicals.  Here  the  two  actions  occur 
simultaneously  and  render  the  process  more  complicated  yet  not  more 
mysterious. 

Group  I.  I  can  find  no  well-ascertained  Examples  in  agreement  with 
this  formula. 

Group  K.  The  known  radicals  of  this  group  are  (TIP  =  benzyl,  and 
perhaps  spiryl;  see  page  455;  C"H'  =  toluyl  and  anisyl;  C*BP  = 
styryl;  C*®H"  =  cumyl.  These  radicals  beJong  to  the  resinous  or 
aromatic  series,  and  are  nearly  related  to  those  of  Group  H,  both  in 
properties  and  in  composition,  and  their  origin  is  probably  liable  to  a 
similar  method  of  explanation.  On  comparing  the  radicals  of  the  two 
groups  as  they  stand  m  the  same  horizontal  lines  of  the  Table,  we  perceive 
that  they  beai*  to  one  another,  in  pairs,  precisely  the  relations  of  basic 
radicals  to  add  radicals,  the  common  difference,  like  that  between 
the  two  orders  of  vinyl  radicals,  situated  on  the  same  horizontal  lines  ia 
the  Table  being  H". 

Thus,  Toluenyl  (7W  -  H«  =  (7  H*,  benzyl. 

Xylenyl  CH*  -  H«  =  C"H^  toluvl. 

Curaenyl  (7H'»  -  IP  =  Cff,  stvryl. 

Thymyl  C^'H"  -  IP  =  C"H",  ciimyl, 

t)r»  changing  the  operation  in  terms,  though  not  in  essence^  we  have 
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Phenyl 

C«H» 

+ 

c» 

s 

CH*,  benzyl. 

Toluenyl 

aw 

+ 

c» 

= 

eH^  toluyl. 

Xylenyl 

CH* 

+ 

c» 

£Z 

e*H»,  styryl. 

Cumenyl 

0»H» 

+ 

c» 

-= 

C"H",  cumyl. 

Thymyl 

QIOJJI. 

+ 

c 

s= 

C"H»%   ? 

And  in  effect  these  figures  accurately  express  the  corresponding  chemical 
powers  of  the  respective  radicals ;  for  those  of  Group  H  are  basic  while 
those  of  Group  K  are  acid.  Those  of  Group  H  go  into  salts  as  basic 
radicals  without  carrying  additional  oxygen  with  them ;  but  those  of 
Group  K,  when  they  act  as  basic  radicals  demand  an  additional  supply 
of  oxygen,  and  that  quantity  difierlng  according  to  the  acid  properties  of 
each  special  radical :  thus,  benzyl,  which  forms  benzoates  with  O*  takes 
with  it  O^  extra  when  it  acts  as  a  basic  radical ;  while  anisyl,  which 
forms  anisates  with  O',  takes  with  i^O*  extra  when  it  acts  the  part  of  a 
basic  radical.  These  details  afford  interesting  illustrations  of  the  truth 
of  the  general  principle  which  I  have  advanced,  namely,  that  the 
difference  which  exists  between  basic  radicals  and  acid  radicals  is 
expressed  either  by  C*  or  H*,  since  these  proportions  of  carbon  or  of 
hydrogen  are  sufficient  to  change  the  class  of  any  radical,  whatever  may 
be  its  ultimate  composition.  The  question  of  basicity  or  acidity  never 
depends  upon  the  ahsdute  quantity  of  carbon  or  hydrogen  that  happens 
to  be  present  in  any  radical,  but  entirely  upon  the  relative  proportions  of 
those  elements. 

Group  L.  The  known  radicals  of  this  group  are  only  two  in  number, 
€!•£[•,  the  radical  of  the  bibasic  comenic  acid,  respecting  the  composition 
of  which  I  have  great  doubts,  and  (7H*,  which  is  salicyl,  a  bibasic 
radical,  the  salts  of  which  I  have  investigated  at  page  455.  It  is  by  no 
means  improbable  that  (7H*  represents  two  radicals  instead  of  one,  and 
that  the  salicylic  acid  is  a  double  acid  and  not  a  bibasic  acid ;  but  the 
reactions  of  the  salts  do  not  afford  any  clue  to  the  unravelment  of  this 
mystery. 

Groop  M.  The  formula  (TIP  represents  the  radical  of  gallic  acid, 
^^hich,  in  accordance  with  this  formula  is  tribasic.  I  do  not  believe  that 
that  is  the  true  account  of  the  gallates,  but  I  am  unable  to  give  a  better 
account  of  them.  The  recorded  experiments  are  not  sufficient  to  give 
clear  and  satis&ctory  ideas  respecting  their  composition.  When  gallic 
acid  is  heated,  it  produces  a  compound  which  is  called  pyrogallic  acid. 
The  formula  of  this  compound  appears  to  me  to  be  CH,  CHO,  according 
to  which  it  is  not  an  acid  at  all,  but  a  suboxide  of  formyl.  In  the  new 
nomenclature  this  salt  would  be  called  formyla  formylate.  It  acts  as  a 
powerful  reducing  agent,  because  one  atom  of  it  requires  four  atoms  of 
oxygen  for  the  decomposition.     Thus  :r- 

CH,  CHO  +  O*  =  HHO  +  C0«  +  C0». 

The  other  known  radical  of  this  group,  CH'',  is  cinnamyl,  the  radical 
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of  the  cinnamic  acid  H,CH'0*.  It  takes  O*  extra  when  it  acts  as  a  basic 
radical. 

Group  N.  The  fonnula  C'H*  represents  the  radical  of  Hofmann's 
recently  discovered  bibasic  insolinic  acid  =  HH,CH*0*.  When  this  acid 
is  distilled,  it  yields  benzoic  acid.  This  reaction,  with  the  composition 
of  the  formula,  its  bibasic  nature,  its  large  quantity  of  oxygen,  and  the 
even  number  of  its  atoms  of  hydrogen,  all  concur  to  induce  me  to 
consider  the  insolinic  acid  to  be  a  double  acid,  probably  composed  of 

H,(7H»0*  =  benzoic  acid. 

H,C«H'0«  =  dylic  acid?  See  page  411. 

The  other  formula  of  this  group  C"H'"  represents  the  radical  of  sinapc 
acid,  H*C"H*^,  a  bibasic  acid,  the  existence  of  which  is  ratlier  suppo- 
sitional than  proved. 

Group  O.  The  known  radicals  of  this  group  are  as  follow : — 
C^H^  is  the  radical  of  the  meconic  ac!id,  which  is  assumed  to  be  tribasic, 
but  I  cannot  say  that  this  tribasic  character  rests  upon  satisfactoiv 
grounds.  The  meconates  are  HHH,  C^^O'.  When  heated,  they  give 
oft"  CO'  and  become  comenates  =  HH,  C*H*0*,  when  the  comenates 
are  heated,  they  give  off  CO",  and  become  pyromeconates  =  H,C^HW. 
Thus,  throughout  the  series  the  acid  radical  contains  in  all  8  at0Qi& 
When  C^  goes  off,  H*  comes  to  replace  it.  This  proceeding  is  repeated. 
The  H'  wliich  thus  replaces  the  disengaged  C*  is  a  basic  radical ;  and  as 
the  change  proceeds  in  the  acid  radical,  the  acid  radical  of  the  salt,  which 
first  is  tribasic,  changes  to  bibasic,  and  then  to  monobasic.  I  expect 
that  we  shall  by-and-by  have  a  very  different  account  of  these  meta- 
morphoses. 

C®H*  is  the  formula  of  indyl,  which  I  have  fully  discussed  in  the 
aiticle  on  indigo,  page  257.  It  is  wortliy  of  remark,  that  this  radical  k, 
like  meconvl,  liable  to  undergo  two  remarkable  changes,  without  diminu- 
tion of  the  collective  number  of  its  ultimate  atoms.     Thus : — 

Indyl,  CH'  -  C»  +  H»  =  C7E*,  salicyl. 
Ind>l,  C«H»  -  C«  +  H«  =  CH*,  phenyl. 

I  wish  I  could  understand  or  explain  the  nature  of  these  changes. 

The  last  formula  of  this  group  is  C'^H''  =  naphtyl,  a  radicaf  which  kss 
so  often  come  imder  our  notice,  that  I  need  scarcely  enter  uj>on  any 
discussion  respecting  it.  Like  phenyl,  it  is  singularly  addicted  to  form 
part  of  amidogens  and  ammoniums,  in  which  it  acts  exactly  in  the  same 
manner  as  phenyl.  Hofmann  has  recently  made  a  "new  base"  bv 
means  of  this  radical,  which  however  is  merely  a  framework  upon  w^hidi 
to  hang  a  new  set  of  hard  names. 

■^[■"aphthalamine  (for  so  he  calls  it)  has  the  following  constitation : 
C  H*^N»,  which,  as  I  take  it,  means  that  it  is  a  double  amidogen  salt : 


a  |: 
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'  ZH  C'®H'  •  CN I  ~  ^aphtylac  hydra  cum  naphtylac  cyana. 
The  salts  of  this  **  base  "  are  as  follows : — 

^'    i7H  C^^W'  ON  I  ~  Naphtylam  chlora  cum  naphtylac  cyana. 

ZH,'c**H'i  CN| 

ZH,C^*H' ;  CN  >  =  Bis  naphtylac  cyana  cum  hydra  cyana. 

H;  CN) 
I     C»«H';  CNO] 
D.  i     C^W;  CNO>=  Bis  naphtyla  cyanate  cum  hydra  cyana. 
I         HjCN   j 

Hofmann's  names  for  these  salts  are  as  follow : — B.  Hydrochlorate 
of  menaphthalamine  =  C*H*'N*HC1.       C.  Dicymenaphthalamine  = 
C*»H''N*  =  C«H'^N«  +  Cy«.      D.    Menaphthoximide   =  C^H"N»0*. 
He  tells  us  that  '*  menaphthoximide  may  be  viewed  as  binoxalate  of 
menaphthalamine  minus  4  equivalents  of  water — 

C«H'n^HCH)*,HC«0*  -  4HO  =  C«M»NX)* ; 
Binoxalate  of  menaphthalamine.       Menaphthoximide. 

and  this  view  is  corroborated  by  the  deportment  of  the  substance  with 
potassa,  which  reproduces  menaphthalamine  and  oxalic  acid."  Proceed- 
ings of  the  Roycil  Society,  1856,  viii.  12. 

I  see  nothing  to  prove  that  binoxalate  of  menaphthalamine  ever  had 
any  existence,  and  I  account  for  the  last-mentioned  reaction  thus : — 

( C»H',CNO  ]      f  ZH,C'«IF ;  H    1  _  . 
D.{ C"H',CNO  ZH,C"'H' ;  CN [  "  ^* 

I      H,CN     U-!  — 

Potash  ixjVQf         '  g-'^y^>  =  Oxalate  of  potash. 

According  to  this  view,  menaphthalamine  is  a  "new  base/'  but  not  a 
new  radical.  It  is  only  a  new  double  salt,  of  the  same  nature  as 
melaniline,  which  I  have  investigated  at  page  291.  The  introduction  of 
what  chemists  call  a  *'  new  base  "  is  by  no  means  to  be  considered  as  the 
discovery  of  a  new  radical.  Lest  the  reader  should  at  any  time  feel  a 
difficulty  in  distinguishing  a  '*  base "  from  a  '*  radical,"  let  me  remind 
him,  that  a  radioed  is  the  equivalent  of  one  vdume  of  hydrogen  or  of 
Marine,  and  possesses  the  saturating  capacity  proper  to  one  volume 
of  either ;  whereas  a  hose  is  a  heterogeneous  mixture  of  atoms,  which 
have  no  specific  chemical  duty  to  do,  and  which,  as  to  number,  are  with*- 
out  limit,  and,  as  to  collocation,  are  without  order.  A  radical  may  be 
compared  to  a  thorough-trained  soldier,  who  forms  part  of  a  system,  is 
accustomed  to  discipline,  and  acts  according  to  order.  A  base  is  a 
Bashi  Bazouk,  who  is  thoroughly  untrained,  who  despises  system, 
is   unaccustomed  to  discipline,  and  is  obedient  only  to  the  dictates 
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of  caprice.  Any  harum-scarum  fellow  answers  for  a  Bashi 
Any  conglomemtion  of  atoms  serves  as  a  base.  But  a  soldier  xniist  be 
a  man  who  knows  his  duty  and  does  it.  A  radical  is  a  collection 
of  atoms  determinate  as  to  quantity,  orderly  sm  to  system,  and  always 
prepared  to  fulfil  the  functions  which  its  position  in  the  system  it 
})ertains  to  imposes  upon  it.  In  short,  the  difference  between  a  radical 
and  an  organic  base  is  like  the  difference  between  order  and  disorder. 

Group  P.  This  group,  purely  hypothetical,  is  inserted  to  acoount  for  the 
starting  radicals  in  the  columns  D,  F,  H,  K,  M,0.  I  suppose  that  originally 
C*  combines  with  H'  or  with  C'H\  and  liiat  C^  is  then  added  atom  afler 
atom,  till  the  several  products  which  are  exhibited  in  this  cohmm 
arc  produced ;  afler  which  these  radicals,  acting  as  units,  combine  with 
successive  atoms  of  CH'  to  produce  the  radicals  which  form  the  groups 
given  in  the  different  columns  of  the  Table. 

It  is  however  just  as  easy  to  imagine  that  the  radicals  are  first  formed 
in  accordance  with  the  metliods  of  production  explained  in  reference  to 
the  vinyl  radicals,  and  that  these  radicals  then  become  subject  to  the 
successive  additions  of  atoms  of  C^  Or,  on  the  other  hand,  some  of 
them  may  be  explained  as  being  derived  from  radicals  actually  belonging 
to  the  vinyl  series,  by  the  artificial  expulsion  of  a  limited  quantity 
of  hydrogen.  Thus  terbasic  glycerine  =  H,H,H,CHX)*  when  deprived 
of  HHO  produces  monobasic  ally  lie  acid  ==  H,CH*0*,  and  when  de- 
prived of  a  second  atom  of  HHO,  it  produces  acrolein  =  H^CfH'O,  in 
w^hich  we  have  an  acid  radical  belonging  to  Group  D.  This  last  reacticm 
differs  in  no  respect,  or  degree,  as  respects  the  change  in  the  radicals^ 
from  that  which  converts  alcohol  into  aldehyde. 

H,C*H*0  -  H"  =  H,C»IPO.       . 

It  Ls  unquestionably  a  fact  that  the  basic  radicals  are  reducible  to  add 
radicals  by  the  abstraction  of  H',  and  it  does  not  seem  unreasonable  to 
assume  diat  the  acid  radicals  themselves  may  be  capable  of  snstainli^ 
successive  abstractions  of  H',  by  artificial  means,  so  as  to  produce  the 
more  highlv  carbonised  radicals.  Thus  C?W^  may  become  in  snccesskm 
0*H^C*H^C*H^O»H» ;  and  in  like  manner  C*H",  may  become  CTH^ 
C»H'*,C»H»»,C»H",C*H»,C*H',C»H*.  These  are  points  that  are  capable  of 
experimental  investigation,  and  are  not  likely  to  pass  unheeded. 

Besides  these  groups  of  radicals,  I  have  endeavoured  to  trace  the 
existence  of  others,  but  without  usefril  results.  For  example,  the  Group 
wC-f-CH*  produces  C*H*  and  CTI*,  but  no  other  known  radicals;  and 
the  Group  C-|-nH  produces  CH,CH',CIP,  and  then  stops,  as  there 
is  no  known  hydrocarbon  radical  with  a  greater  proportion  of  H  to  C 
than  is  found  in  methvl. 

On  looking  over  these  homologous  groups  of  radicals,  the  remarkable 
fact  strikes  us,  that  the  greater  proportion  of  them  are  produced 
by  a  very  direct  process  &m  sugar  or  vinylate,  and  that  most  of 


ORIOIK  AND  METAMORPHOSES  OF  OBOANIC  RADICAUS.  535 

the  Others  seem  to  be  derived  by  processes,  which,  thoagh  indirect,  are 
short  and  obvious,  from  the  same  substance.  Sugar  in  the  form  of 
CIPO  is  the  raw  material  which  life  in  plants  works  up  into  the  in- 
numerable finished  manufactures  which  vegetables  expose  to  the  admi- 
ration of  mankind  and  among  which  animal  life  finds  sustenance. 

The  Metamorphoses  of  Organic  Radicals  have  been  so  often  dis- 
cussed in  the  preceding  pages,  that  I  need  only  refer  to  the  main  facts. 

Acid  radicals  can  be  transformed  into  basic  radicals  by  the  abstraction 
of  C».    Thus : 

Formyl  «  C»H»  -  C*  =  H  =   hydrogen. 

Acetyl  =  C?H»  -  C^  =  CEP  =   methyl. 

AUyl  =  C"H*  -  C  =  C«H»  =  ethyl. 

Benzyl  =  (7H*  -  C»  =  CH»  =  phenyl. 

On  the  other  hand,  basic  radicals  can  be  reduced  to  acid  radicals  by  the 
abstraction  of  EP.  These  matters  have  been  so  fiiUy  discpssed  at  page 
74,  in  the  article  at  page  399,  and  incidentally  on  several  other  occasions, 
that  I  need  enter  now  into  no  details. 

When  hydrides  of  acid  radicals  are  sealed  up  in  glass  tubes  with  a 
saturated  solution  of  hydracids  in  water,  and  heated  to  212^  F.,  they  are 
changed  into  chlorides  of  the  corresponding  basic  radicals.  In  this 
way  acid  radicals  are  converted  into  basic  radicals  by  the  addition  of  H*, 
instead  of  the  abstraction  of  C*.  Berthelot  thus  produced  the  following 
metamorphoses : 

Propionyla  hydra  .  C*  H»  ,H  +  HQ  =  C?*  H^Cl  Propyla  chlora. 
Valeryla  hydra     .  C*  H*  ,H  +  HCl  =  C  H",C1  Amyla  chlora. 
Capryla  hydra .     .  C"  H",H  +  HCl  =  C  H•^C1  Octyla  chlora. 
Palmityla  hydra   •  C'ffSH  +  HCl  =  C"H«  CI  Cetyla  chlora. 

And,  by  acting  in  the  same  manner  on  what  he  calls  Ethylene  by 
hydrobromic  acid,  he  produced  bromide  of  ethyl : 

CH«  +  CH«  +  HBr   =     CTa*,Br 
Vinyl,  2  atoms.  Ethyla  broma. 

By  a  process  quite  equivalent  to  this,  the  hydrides  of  amidogens  are 
converted  into  chlorides  of  ammoniums.     Thus : 

ZH«H  +  Ha  =  ZH*,C1. 

Many  transformations  of  this  description  will  be  seen  under  the  head  of 
Aniline,  page  274. 

Akin  to  this  pi-ocess  is  also  that  by  which  the  amids  of  oxygen  acids 
are  converted  into  normal  ammonium  salts.     Thus : 

ZH«,CO  •+  HHO  =  ZH*,CO«. 
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These  transformations  have  been  illustrated  by  innumerable  examples 
daring  the  investigation  of  the  azotic  radicals. 

Another  method  of  metamorphoses  consists  in  conyerting  complex 
radicals  which  contain  many  times  CH*,  into  radicals  of  a  simpler  kind, 
by  the  action  of  nitric  acid.  An  example  of  this  mode  of  prooedme  is 
referred  to  in  the  article  on  the  Anchoates  at  page  454. 

The  doctrine  of  Vice'Eaduxtls  has  been  Hilly  explained  and  illnstnted 
in  the  preceding  pages.  A  vice-radical  is  a  hydrocarbon  in  which  the 
hydrogen  has  been  more  or  less  replaced  by  CI,  Br,  I,  N,  S,  or  a  metals 
and  which,  notwithstanding  that  replacement,  still  acts  the  part  of  a 
radical. 

Many  acid  radicals  can  be  made  to  act  as  basic  radicals,  provided 
they  are  supplied  with  a  certain  excess  of  oxygen.  This  excess  of 
oxygen  is  demanded  by  such  radicals  even  when  they  form  part  of  an 
ammonium. 

Many  other  processes  of  metamorphoses  might  be  noticed,  and  have 
been  already  described  in  this  work;  but  they  are  reducible  tx>  three 
classes : — 

a).  They  change  a  basic  radical  into  the  acid  radical  next  below  it  by 
the  abstraction  of  H*,  or  into  the  acid  radical  next  above  it  by  ^ 
addition  of  C^ 

6).  They  change  an  acid  radical  into  the  basic  radical  next  below  it  by 
the  abstraction  of  C\  or  into  the  basic  radical  next  above  it  by  the  addi- 
tion of  H*. 

c).  They  reduce  a  complex  radical  to  one  or  more  radicals  of  a  sim- 
pler constitution. 

What  chemists  have  need  of  at  present,  are  processes  which  wifl 
enable  them  to  imitate  the  operation  of  nature,  in  forming  complex 
radicals  from  simpler  kinds  by  the  addition  of  atoms  of  CH*  to  a  nadeos, 
or  by  combining  together  ready-formed  atoms  of  the  simpler  kind  to 
produce  those  of  the  complex  kind.  That  power  is,  however,  more  to 
be  desired  than  expected. 

The  metamorphoses  of  organic  radicals  which  depend  upon  the  trans- 
mutations of  azote,  and  those  which  take  place  in  living  animals,  I  must 
decline  to  touch  upon.  They  are  too  important  to  be  slighted,  and  I 
have  not  considered  them  sufficiently  to  be  warranted  in  pronouncmg 
clear  opinions  upon  them.  The  theories  which  I  have  advanced  in  this 
work  respecting  the  existence,  the  nature,  the  properties,  the  origin,  and 
the  transformations  of  hydrocarbon  radicals  must,  if  they  represent  what 
is  true,  have  a  great  effect  in  changing  the  commonly-received  fonxmlae 
of  azotic  and  animal  substances,  which  are  extremely  unsatisfactoij. 
The  "unitary"  formulae  which  I  have  quoted  in  page  167  are,  con- 
fessedly, declarations  of  ignorance  of  anything  beyond  the  knowledge 
afforded  by  destructive  analyses ;  while  the  **  rational  *'  formulae  gene- 
rally met  with  are  in*  the  highest  d^ee  fandiul — such  as 
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20(C~H»N*0»» .  2HO)  +  8H*NS  +  H«NP  «  albumen  of  ^gs. 
(C"H«»N^3" .  2HO)      +  H'NS    +  H*NP  «  fibrin  of  ox-blood. 
6(C*IPN*0"  .  2HO)    -H  S*0«  =  fibrin.protein. 

I  copy  these  formulae  from  Lehmann's  Physiological  Chemistry,  185 1, 
vol.  i.,  where  they  are  attributed  to  Mulder.  The  application  of  the 
radical  theory  to  these  compounds  would  no  doubt  produce  formulae  of 
a  much  simpler  character;  but  the  investigation  is  one  for  which  I  can- 
not aflford  time. 


Daltonism.     The  Atomic  Theory.     The  Law  of  Com- 
bination in  Mtiltiple  Proportions. 

The  "  Laws  of  Chemical  Combination  "  at  present  recognised  by 
chemists  are  explained  by  Professor  Miller  as  follows : — 

*'The  relative  proportion  in  which  the  different  elements  unite  is 
regulated  by  fixed  laws.  These  important  laws,  which  are  three  in 
number,  regulate  the  mode  of  combination  of  every  known  chemical 
compound.     These  are  asually  termed  the  laws  of  chemical  combination* 

1 .  "  The  first  of  these  laws  is  the  law  of  Definite  Proportions,  which, 
although  of  great  simplicity,  is  one  of  fundamental  importance  to  the 
science  of  chemistry.  This  law  may  be  stated  in  very  few  words ;  it  is 
as  follows : — In  every  chemical  compound  the  nature  and  the  proportions 
of  its  constituent  elements  are  fixedy  definitej  and  invariable^ 

2.  **  The  second  law  of  combination  is  usually  termed  the  law  of 
Multiple  Proportions,  It  frequently  happens  that  a  pair  of  elementary 
bodies  unite  together  in  more  than  one  proportion.  The  compounds  so 
obtained  are  very  different  from  each  other ;  but  there  is  still  a  uniformity 
in  the  plan  upon  which  these  compounds  are  formed,  and  the  propor- 
tions of  the  two  elements  in  each  are  very  simply  related.  The  law  of 
multiple  proportion  may  be  thus  stated : — If  tvjo  elements^  A  and  B, 
unite  together  in  more  proportions  than  one,  on  comparing  together  quan- 
tities of  the  different  compounds^  each  of  which  contains  the  same  amount 
of  Ay  the  quantities  of  B  mil  hear  a  very  simple  relation  to  each  other ; 
such  as 

A  +    B,     A  +  2B,     A  +  3B,     A  +  4B,  &c. ; 
or,  2A  +  3B,  2A  4-  5B,  2 A  4-  7B,  &c.; 
or,    A  4-    B,     A  +  3B,     A  +  5B,  &c. 

Water,  for  instance,  is  a  compound  of  oxygen  and  hydrogen;  in  100 
parts,  by  weight,  there  are,  as  already  mentioned,  8 8 '9  of  oxygen  and 
1 1*1  of  hydrogen.  But  there  is  another  compound  of  oxygen  and 
hydrogen  known  to  chemists,  tenned  the  peroxide  of  hydrogen.     By 
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analysis  it  has  been  found  that  lOO  parts  of  this  body  contain  94*1  of 
oxygen,  and  5*9  of  hydrogen.  Now,  on  comparing  together  the  quan- 
tities of  oxygen  which  in  ihese  two  compounds  are  united  with  an  equal 
quantity,  say  i  part  of  hydrogen,  it  is  evident  that  in  water,  for  i  of 
hydrogen  there  are  8  of  oxygen : 

Since  n  •!   :  88*9  :  :  i  :   8. 

And  by  a  similar  process  it  is  seen  that  in  the  peroxide  of  hydrogen,  for 
I  part  of  hydrogen  16  of  oxygen  are  present: 

5*9  :  94'i  : :  I  :  16. 

The  quantity  of  oxygen  combined  with  the  hydrogen  in  the  peroxide, 
being  just  double  what  it  was  when  combined  with  the  same  quantity 
of  hydrogen  in  water. 

"  A  similar  simple  proportion  between  the  quantities  of  the  com- 
bining elements  is  found  to  hold  good  in  every  series  of  compounds 
formed  by  the  union  of  two  elements  with  each  other.  A  certain 
quantity  of  one  of  the  elements  combines  with  a  certain  quantity  of  the 
other ;  in  the  next  compound  with  twice  as  much  as  in  the  first ;  in  the 
next  with  three  times ;  in  the  next  with  four  times  that  quantity,  and  so 
on.  Sometimes  the  proportion  is  rather  less  simple,  two  proportions  of 
one  element  combining  with  3,  5,  7,  or  9  of  the  other. 

"  This  important  law,  which  was  first  clearly  established  by  Dalton, 
was  explained  by  him  by  means  of  his  Atomic  Theory.  Upon  this 
hypothesis,  the  ultimate  particles  of  each  element  are  considered  to  be 
uniform  in  size  and  in  weight  for  that  element,  and  moreover  to  be  in- 
capable of  &rther  subdivision.  When  bodies  unite  chemically,  as  the 
particles  of  the  same  element  have  all  the  same  size  and  relative  weight, 
the  proportions  in  which  they  combine  must  be  definite ;  and  farther,  if 
they  unite  in  several  different  proportions,  those  proportions  must  be 
simply  reljited  to  each  other.  Thus,  water  may  be  conceived  to  be  a 
compound  in  which  each  separate  particle  of  hydrogen  is  united  with  a 
single  particle  of  oxygen;  and  peroxide  of  hydrogen  woidd  be  repre- 
sented as  consisting  of  a  combination  of  two  particles  of  oxygen  with 
each  particle  of  hydrogen. 

3.  *'  This  explanation  will  simplify  the  consideration  of  the  third  law, 
which  is  usually  known  as  the  Law  of  JSquivaknt  Proportions.  It  may 
be  stated  as  follows : — An  elementary  substance^  in  combining  voith  other 
elements,  does  so  in  a  fixed  proportion^  whicli  may  be  represented  mMmeri- 
catty, 

"  If  a  certain  proportion  of  an  element.  A,  unites  with  certain  other 
fixed  quantities  of  different  elements,  B,  C,  D,  &c.,  to  form  compoiinds 
AB,  AC,  AD,  &c.,  the  quantities  of  B,  C,  and  D,  which  so  unite  wiA 
A  will  also  be  the  quantities  in  which  B  and  C,  C  and  D,  combine 
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to  form  compound  BC,  BD,  CD,  &c."  Elements  of  Chemistry,  1855, 
L  12. 

I  devote  the  following  pages  to  the  exposition  of  facts,  which  show  that 
the  "  law  of  comJbinatkm  in  multiple  proportions^^  the  main-«pring  of  the 
atomic  theory,  is  unsound ;  that  it  is  founded  on  a  fallacy ^  and  that, 
being  fallacious,  it  necessarily  leads  to  practices  which  are  injurious  to 
chemical  philosophy. 

The  particular  fallacy  to  which  I  allude  is  this : 

a).  It  IS  a/ocf,  that  compounds  exist  which  contain  uneven  numbers 
of  the  elements  of  which  they  ai'e  composed ;  such  as 

A  +  A+B;A  +  B  +  B;  A  +  A  +  B  +  B  +  B. 

h).  It  MAY  BE  a  fact,  that  these  compounds  are  constituted  by  the 
direct  combination  of  all  the  atoms  of  one  kind  with  all  the  atoms  of  the 
other  kind.     Thus  r 

AA  +  B;  A  +  BB;  AA  +  BBB. 

c).  It  MAT  BE  2k  fact,  that  chemical  combination  never  takes  place 
except  between  single  atoms  of  elements,  or  single  equivalents  of  com- 
pounds, in  which  case  the  compounds  which  contain  the  number  of 
atoms  of  A  and  B  specified  above,  must  make  certain  intermediate  com- 
pounds.    Thus : 

A  +  AB;  AB  +  B;  AB  +  (AB  +  B). 

The  supposition  marked  c  is  in  accordance  with  the  electro-chemical 
theory.  The  supposition  marked  6,  sets  the  electro-chemical  theory  at 
defiance ;  for  as  it  is  against  all  experience  in  electrolytic  researches,  that 
a  compound  represented  by  the  formula  A'B*,  should  be  separated  into 
A  A,  going  off  at  one  electrode,  and  BBB  going  off  at  the  other ;  so  I 
conceive  it  to  be  equally  opposed  to  electro-chemical  probability,  that 
combination  should  take  place  directly  between  such  clumps  of  atoms  as 
AA  and  BBB. 

But,  the  law  of  combination  in  multiple  proportions  is  founded  upon 
the  supposition  which  is  marked  b.  It  takes  for  granted,  but  never  pre- 
tends to  offer  the  slightest  proof,  that  combination  actually  occurs 
between  multiple  proportions  of  atoms.  Now,  if  the  supposition  which 
is  marked  c  should  prove  to  be  true,  that  which  is  marked  b  must  neces- 
sarilj  be  false,  and  in  that  case  the  law  of  combination  in  multiple  pro- 
portions is  false ;  while  so  long  as  it  remains  uruxrtaxny  whether  sup- 
position b  or  supposition  c  is  true,  it  is  a  fallacy  to  reason  as  if 
supposition  b  was  absolutely  known  to  be  true.  The  law  of  combination 
in  multiple  proportions  is  therefore  unsound  and  not  to  be  trusted. 

We  are  indebted  for  this  law  to  Dalton,  and  we  have  only  to  look 
into  the  writings  of  that  philosopher  to  find  how  feeble  and  uncertain  is 
the  evidence  upon  which  the  law  is  founded.    Indeed,  while  Dalton  laid 
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down  this  law  respecting  the  combination  of  elements  in  maltiple  pro- 
portions, he  confessed  that  he  was  totally  unable  to  determine  Aoir  rmtcA 
of  any  single  element  constituted  a  single  proportion.  If  he  was  unable  to 
determine  how  much  constituted  a  single  proportion,  surely  he  was  in- 
competent to  determine  how  much  constituted  a  multiple  proportion, 
and  if,  while  in  this  state  of  ignorance  respecting  the  very  premises  of 
his  argument,  he  made  laws  which  implied  the  possession  of  accnnfte 
knowledge,  though,  by  accident,  the  laws  might  prove  to  be  true,  there 
was  far  greater  chance  of  their  proving  to  be  false. 

I  copy  the  following  statement  from  the  I^emoirs  of  John  DaUon^  by 
Dr.  W.  C.  Henry,  published  by  the  Cavendish  Society  in  1854. 

"  It  must  be  conceded,  in  limine j  that  the  great  atomic  generalisatioo 
does  not  stand  on  the  solid  basis  of  induction,  which  is  here,  in  its  first 
announcement,  claimed  for  it,  by  its  illustrious  Author.  Even  aasnmiwg 
the  existence  of  elementary  atoms  of  different  weights  (itself  obviooslT 
hypothetical),  we  are  not  in  possession  of  the  mathematical  elements 
necessary  to  infer  *  from  the  relative  weights  in  the  mass,  the  relative 
weights  of  the  ultimate  particles  or  atoms  of  the  bodies.'  All  that  is 
certainly  established,  is,  the  proportions  by  weight  in  which  bodies  com- 
bine,— in  Dalton's  words,  *  the  relative  weights  of  the  simples,  which 
constitute  a  compound.'  Now  these  relative  or  equivalent  weights  are, 
on  the  atomic  hypothesis,  the  products  of  the  atomic  weights  into  the 
number  of  atoms.  Consequently,  to  infer  the  unknown  atomic  weights 
from  the  known  equivalents,  we  require  the  number  of  atoms.  Bat 
these  numbers  cannot  be  ascertained  in  the  case  of  a  single  chemical 
compound.  They  can  only  be  gathered,  according  to  grounds  of  prtActr 
bilityj  from  various  relations  and  arguments,  to  be  hereafter  enumerated 
This  general  statement  may  be  made  clear  by  a  single  example.  It  is 
established  by  experiment,  that  8  parts  by  weight  of  oxygen  combine 
with  I  part  by  weight  of  hydrogen.  Let  W  and  w  represent  the  un- 
known atomic  weights  of  oxygen  and  hydrogen,  and  If  and  n  the 
numbers  of  atoms  present  in  each  mass  respectively, 

Then  NW  =  8  and  nw  =  i 

8  I 

And  W  =  -TV  and  to   = 

Jy  n 

Wand  to  cannot  be  inferred  without  knowing  iVand  n. 

*'  Mr.  Dal  ton  derived  the  numerical  value  of  iVand  n  from  a  suppo- 
sition, which,  though  highly  probable,  is  still  nothing  more  than  an 
hypothesis.  He  maintained,  that  the  most  stable  combinations  most  be 
binary,  and  that  when  only  a  single  combination  of  two  elements  was 
known,  it  was  probably  binary.  Water  was  the  only  compound  of 
oxygen  and  hydrogen  then  known  to  exist.  He  therefore  regarded  it 
as  constituted  of  one  atom  of  oxygen  and  one  atom  of  hydrogen.    Hence 
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If  and  n  being  identical,  the  atomic  weights  will  be  represented  by  the 
equivalents  8  and  i. 

8       I 
For  W :  ID  ::  -Tf    -::8:i. 

To  bring  out  more  distinctly  the  hypothetical  character  of  this  reasoning, 
it  may  be  observed,  that  Berzelius  never  admitted  water  to  be  a 
*  binary  compound ;'  but  inferred  from  its  being  constituted  of  i  part 
by  volume  of  oxygen  and  2  parts  of  hydrogen  by  volume,  that  it  consists 
of  I  atom  of  oxygen  united  with  2  atoms  of  hydrogen.  Substituting  i 
and  2  for  N  and  n  in  the  above  formula,  we  obtain  1 6  as  the  weight  of 
the  atom  of  oxygen,  hydrogen  being  unity. 

'*  Mathematical  certainty  is,  therefore,  not  attainable  (even  if  we 
admit  the  existence  of  atoms  of  different  weights)  in  any  single  atomic 
determination.  It  is  in  vain  to  contend  for  a  higher  degree  of  evidence 
than  that  of  probabilities,  in  support  of  the  atomic  hypothesis  itself;  or 
still  less  of  special  calculations  of  the  weights  of  elementary  and  com- 
pound atoms. 

"After  this  distinct  avowal,  it  will  be  more  satis&ctory  to  recal 
Dalton's  mode  of  estimating  the  number  of  atoms  in  compounds,  in  his 
own  words,  as  expressed  in  the  Appendix  to  his  second  volume,  1827, 
and  as  therefore  conveying  his  matured  views  and  final  teaching. 

*'  '  The  second  object  of  the  atomic  theory,  namely,  that  of  investi- 
gating the  number  of  atoms  in  the  respective  compounds,  appears  to  me 
to  have  been  little  understood,  even  by  some  who  have  imdertaken  to 
expound  the  principles  of  the  theory.  When  two  bodies,  A  and  B, 
combine  in  multiple  proportions;  for  instance,  10  parts  of  A  combined 
with  7  of  B  to  form  one  compound,  and  with  14  to  form  another,  we 
are  directed  by  some  authora  to  take  the  smallest  combining  pro{X)rtion 
of  one  body  as  representative  of  the  elementary  particle  or  atom  of  that 
body.  Now  it  must  be  obvious  to  any  one  of  common  reflection,  that 
such  a  rule  will  be  more  frequently  wrcHig  than  right  For,  by  the 
same  rule,  we  must  consider  the  first  of  the  combinations  as  containing 
I  atom  of  B,  and  the  second  as  containing  2  atoms  of  B,  with"i  aton 
or  more  of  A ;  whereas  it  is  equally  probable  by  the  same  rule,  that 
the  compounds  may  be  2  atoms  of  A  to  i  of  B,  and  i  atom  of  A  to  i 
of  B  respectively ;  for,  the  proportions  being  10  A  to  7  B  (or,  which  is 
the  same  ratio,  20  A  to  14  B),  and  10  A  to  14  B,  it  is  clear  by  the 
rule,  that  when  the  numbers  are  thus  stated,  we  must  consider  the 
former  combination  as  composed  of  2  atoms  of  A  and  the  latter  of  i 
atom  of  A,  united  to  i  or  more  of  B.  Thus  there  would  be  an  eqiud 
chance  for  right  or  wrong.  But  it  is  possible,  that  10  of  A,  and  7  of  B 
may  correspond  to  i  atom  A,  and  2  atoms  B ;  and  then  10  of  A,  and 
14  of  B,  must  represent  i  atom  A,  and  4  atoms  B.  Thus  it  appears 
the  rule  will  be  more  frequently  wrong  than  right     It  is  necessary  not 
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only  to  consider  the  oombinations  of  A  with  B,  but  also  those  of  A 
with  0,  D,  E,  &C.,  as  well  us  those  of  B  with  C,  D,  E,  &c.,  before  we 
can  have  good  reason  to  be  satisfied  with  our  determinations  as  to  the 
number  of  atoms  which  enter  into  the  various  compounds.  Elements 
formed  of  azote  and  oxygen  appear  to  contain  ix)rtions  of  oxygen,  as  the 
numbers  i,  2,  3,  4,  5,  successively,  so  as  to  make  it  highly  improbable 
(liat  the  combinations  can  be  ejected  in  any  other  than  one  of  two 
ways.  But  in  deciding  which  of  these  two  we  ought  to  adopt,  we  have 
to  examine  not  only  the  compositions  and  decompositions  of  the  several 
compounds  of  these  two  elements,  but  also  compounds  which  each  of 
them  forms  with  other  bodies.  I  have  spent  much  time  and  labomr  upon 
these  compounds,  and  upon  others  of  the  primary  elements,  carbon, 
hydrogen,  oxygen,  and  azote,  which  appear  to  me  to  be  of  the  greatest 
importance  in  the  atomic  system. ;  but  it  will  be  seen  that  I  am  not  satis- 
fied on  this  head,  either  by  my  own  labour  or  that  of  others,  chiefly 
through  the  want  of  an  accurate  knowledge  of  combining  proportions.' " 
This  extract  proves  that  Dalton,  at  the  time  of  his  "  matured  views 
and  final  teaching,"  in  the  year  1827,  was  unable  to  determine,  by  tlie 
help  of  his  atomic  theory,  how  much  of  any  single  dement  constituted 
a  single  combining  proportion.  Thirty  years,  fi'uitful  in  chemical  dis- 
coveries, have  since  elapsed.  But  the  disciples  of  Dalton  are,  at  this 
time,  as  unable  as  was  the  philosopher  himself,  from  the  beginning  to 
the  end  of  his  career,  to  determine  the  atomic  weight  of  any  single 
element  by  the  help  of  the  atomic  theory.  The  defect  is  a  rvidical  one ; 
and  a  '*  fixed  law,"  affecting  *'  to  regulate  combination  in  multiple  pro- 
portions," instituted  in  virtue  of  a  theory  which  cannot  distinguish 
multiple  proportions  from  single  proportions,  can  only  be  regarded  as  a 
house  built  U}X)n  shifting  sands,  liable  to  be  moved  hither  and  thither 
with  every  wave  of  adverse  doctrine. 

Rklation  of  the  Atomic  Weights  of  Elements  to  the  Specific 

GRAvrriES  of  theib  Gasbs. 

Among  the  methods  that  have  been  suggested  for  determining  how 
much  of  an  element  constitutes  a  combining  proportion,  the  one  which  is 
apparently  least  liable  to  error,  is  that  which  considers  the  specific 
gravities  of  elementary  gases  to  be  the  expression  of  their  combining 
proportions.     Upon  that  idea, 

the  atomic  weight  of  oxygen  is  =  16 
that  of  hydrogen  is  =     i 
„         chlorine  is  =  35*5 
,1        nitrogen  is  =  14 

It  was  pointed  out  by  Gay-Lussac  in  the  year  1 809,  that  the  combining 
weights  of  the  elements  which  produced  gases,  bore  a  relation  to 
the  weights  of  single  volumes  of  gases,  so  that  combination  actually 
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took  place  either  between  even  volumes  of  gases  or  between  simple 
multiples  of  even  volumes. 

Thus  nearly  at  the  same  time  that  Dalton  invented  the  atomic  theory » 
Gay-Lussac  discovered  this  law  of  nature.  Of  these  two  things,  Gay- 
Lussac's  has  proved  to  be  by  far  the  most  beneficial. 

The  difference  in  value  between  the  two  systems  is  easily  shown 
by  a  few  examples.  One  volume  of  hydrogen  and  one  volume  of 
chlorine  produce  two  volumes,  or  one  atom,  of  hydrochloric  acid.  This 
would  agree  with  either  theory. 

Two  volumes  of  hydrogen  and  one  volume  of  oxygen  form  one  atom 
of  water,  which  in  the  state  of  gas  measures  two  volum&s. 

Equal  volumes  of  hydrogen  and  oxygen  produce  peroxide  of  hydrogen. 
Of  course,  equal  volumes  may  signify  O'  +  H*,  or  O*  +  H".  This 
compound  is  unknown  in  the  state  of  gas. 

We  have  tteen  that  in  the  interpretation  of  the  constitution  of  water, 
Dalton  went  upon  no  fixed  ground.  Her  considered  it  to  be  composed 
of  one  atom  of  each  element,  because  it  was  the  ordy  compound  of  oxygen 
and  hydrogen  with  which  he  was  acquainted.  Professor  Miller's  argument 
is  scarcely  more  cogent.  "  Water,"  he  says,  **  may  be  conceived  to  be 
a  compound  in  which  each  separate  particle  of  hydrogen  is  united  with 
a  single  particle  of  oxygen ;  and  peroxide  of  hydrogen  would  be  repre- 
sented as  consisting  of  a  combination  of  two  particles  of  oxygen  with 
each  particle  of  hydrogen." 

But  if,  as  Berzelius  originally  suggested,  we  take  a  single  volume  of 
each  of  the  four  gases  above  named  to  represent  a  single  combining  pix)- 
portion,  we  are  freed  at  once  from  doubt  and  difficulty,  at  least  as  far  as 
respects  these  four  elements  and  their  compounds.     Thus : 

One  vol.  of  chlorine  =  CI    )  _  -rrrri     _  Hydrochloric  acid. 

One  vol.  of  hydrogen  =  H     f  ~  "      2  volumes. 

One  vol.  of  hydrogen  =  H     1   _  ttq     _  Peroxide  of  hydrogen. 

One  vol.  of  oxygen  =  O      |  ~  ~      volume  unknown. 

Two  vols,  of  hydrogen  =  HH  \  _  JTHO  =  ^^^^' 

One  vol.  of  oxygen  =  O     |  2  volumes. 

Two  vols,  of  nitrogen  =  NN  1  _  7a  ^q    _  Protoxide  of  nitrogen. 

One  vol.  of  oxygen  =  O     J       "  "2  volumes. 

One  vol.  of  nitrogen  =  N     )  __  j^q       _  Deutoxide  of  nitrogen. 

One  vol.  of  oxygen  =  O     )  ~      2  volumes. 

One  vol.  of  nitrogen  =  N     i  _  NOO  =  Peroxide  of  nitrogen. 

Two  vols,  of  oxygen  =  00  |  2  volumes. 

The  point  to  be  observed  here — the  great  point,  the  useful  point,  the 
deciding  point,  is,  that  we  not  only  weigh  the  combining  proportions, 
but  we  also  measure  them,  and  we  acquire  by  that  means  a  security 
which  Dal  ton's  atomic  theory  can  never  afford  us.  If  the  resulting 
volumes  of  the  compounds  produced  by  the  combination  of  these  gases 
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had  been  marked  by  regularity,  the  security  afforded  by  tl)is  method  of 
reasoning  would  no  doubt  have  been  perceived  by  chemists  long  ago ; 
but  the  irregularity  of  the  atomic  measures  of  these  compound  gases 
obscured  the  view  which  chemists  ought  to  have  taken  of  their  compo- 
sition and  components. 

Consult  the  '*  Inquiry  into  the  Causes  which  modify  the  Atomic 
Measure  of  Com]x>und  Gases/'  page  94. 

Let  us  follow  out  the  argument  derived  from  the  constitution  of  gases. 

Only  a  few  of  tlie  elements  produce  gases  at  the  ordinary  tempera- 
ture of  the  air,  and  we  must  derive  the  atomic  weights  of  the  fixed  or 
non-volatile  elements  by  indirect  processes.  Yet  the  reference  to  the 
densities  of  the  tour  gases,  as  fundamental  authorities,  is  of  the  greatest 
importance.     I  frame  upon  it  the  observation  that — 

The  cortHmiiig  ptvportion  of  any  element  is  the  quantity  which  is  cJiemi- 
caUy  equivalent  to  a  single  volume  of  hydrogen  or  of  chlorine. 

I  take  hydrochloric  acid  as^ie  model  of  *a  chemical  compound,  or  as 
I  have  called  it,  for  shortness,  a  Salt.  The  formula  is  HCl,  in  which 
H  and  CI  represent  two  elt^ments,  each  of  which  is  separately  replace- 
able by  other  elements.  To  these  two  replaceable  halves  of  a  salt, 
whether  simple  or  compound,  I  apply  the  term  Radical:  in  this 
example,  H  is  the  basic  radical  and  CI  is  the  acid  radical.  If  01  is 
replaced  by  Br,  we  procure  the  salt  HBr;  if  replaced  by  I,  we  pro- 
cure the  salt  HI.  The  quantity  of  Br  which  replaces  35*5  parts  of 
CI  weighs  80;  the  quantity  of  I  weighs  127.  If  these  quantities  of 
Br  and  I  are  raise<l  by  heat  into  vapour  until  they  measme  as  mndk 
as  one  volume  of  chlorine,  the  specific  gravities  of  the  vapours  become 
as  follow : 

CI  =  35*5;  Br  =  80;  I  =  127. 

Consequently,  these  replacements  confirm  the  accuracy  of  the  rule,  and 
Ax  the  atomic  weights  of  Br  and  I.  On  the  other  hand,  if  we  replace 
the  basic  H  in  HCl  by  a  metal,  as  by  potassium,  barium,  silver,  Sstu, 
we  produce  KCl,  BaCl,  AgCl,  &c.,  and  these  quantities  of  metals  com- 
bine equally  well  with  the  equivalent  quantities  of  Br  and  I,  to  produce 
the  neutral  salts  KBr,  KI,  BaBr,  Bal,.  and  AgBr,  Agl ;  consequently, 
the  quantities  K,  Ba,  and  Ag  are  the  equivalents  of  H. 

Proceeding  in  this  manner,  we  gradually  discover  how  much  of  each 
known  element  is  the  equivalent  either  of  H^  or  CP.  The  quantities 
thus  determined  are  quoted  in  the  Table  which  is  printed  at  page  28, 
and  which  I  take  the  liberty  to  call  here,  a  Table  of  Simple  Iladicals.  In 
the  course  of  this  proceeding,  experiment  develops  the  peculiarity,  that 
certain  metals  possess  the  power  to  form  two  simple  radicals  which  differ 
from  one  anotlier  in  weight,  but  not  in  their  chemical  equivalency,  each 
being  able  to  replace  H*  and  to  neutralise  CP,  Br*,  or  T,  and  to  produce 
a  scries  of  neutral  salts,  equivalent  to  one  another  in  chemical  power, 
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bat  possessed  of  entirely  dififerent  physical  properties.  Thas  iron  can 
produce  a  radical  the  weight  of  which  is  28,  and  another,  the  weight  of 
which  is  i84->  and  these  two  radicals  produce  two  extensive  series  of 
Baits,  which  differ  greatly  in  their  properties,  but  only  in  their  compo- 
Bition  to  the  extent  that  28  by  weight  of  iron  in  one  salt  is  replaced  by 
1 8 1  of  iron  in  the  other,  all  other  elements  in  the  salts  remaining  the 
same.  From  the  &ct  that  these  radicals  produce  salts  that  are  perfectly 
aod  characteristically  distinct  from  one  another,  I  assume  that  the 
radicals  themselves,  though  both  produced  by  iron  only,  are  perfectly 
difierent  radicals.  This  argument  is  pursued  at  page  32,  and  I  need 
not  repeat  it. 

On  the  Daltonian  theory,  this  parallelism  in  the  sets  of  salts  is  not 
acknowledged  to  exist.  Instead  of  it,  a  triplication  is  made  of  all  the 
ingredients  of  one  of  the  sets  of  salts,  and  the  triple  atoms  are  in  each 
salt  divided  into  an  imaginary  conglomeration  of  three  atoms  of  "  acid  *' 
and  a  '*  base "  consisting  of  two  atoms  of  metal  and  three  atoms  of 
oxygen,  with  which  base  the  three  atoms  of  acid  are  assumed  to  be 
combined.  I  have  given  an  example  of  such  salts  at  page  37.  These 
complex  salts  are  taken  under  the  especial  patronage  of  the  law  of  com- 
bination in  multiple  proportions.  They  are  commonly  called  salts  of  the 
sesqoioxides,  and  their  assumed  composition  is,  without  exception,  ima- 
gioary  and  unreal. 

The  formula  which  I  have  adopted  as  the  model  of  a  salt,  namely, 
HCl,  is  of  great  importance  as  regards  organic  compounds.  I  have 
shown  that  a  vast  number  of  organic  compounds  may  be  arranged  in 
three  groups : 

A,  Basic  JRadicals.    B,  Acid  EacHcals.     C,  Salts. 

The  basic  radicals  are  equivalent  to  H,  or  a  single  volume  of  hydrogen ; 
the  acid  radicals  are  equivalent  to  CI,  or  a  single  volume  of  chlorine ; 
the  salts  are  equivalent  to  HCl,  or  to  two  volumes  of  hydrochloric  acid : 
the  evidence  in  support  of  these  facts  is  given  in  the  Table  of  Gases  at 
page  49,  and  in  ^e  commentary  which  follows  it.  This  evidence  is 
abundant  and  conclusive.  It  proves  that  a  radical  measures  one  volume, 
and  that  it  is  of  no  importance  as  respects  its  measure  whether  a  radical 
is  simple  or  compound,  whether  it  is  oxidised  or  not  oxidised.  In 
short,  it  proves  that  one  volume  is  the  measure  of  a  chemical  equiva- 
lent, an  acting  quantity,  a  combining  proportion,  or  an  atom,  give  it 
what  name  you  please,  and  therefore  that  one  volume  of  an  elementary 
gas  is  the  quantity  with  which  we  may  begin  to  construct  our  Table 
of  Atomic  Weights.  The  entire  set  of  laws  which  are  foimded  on 
the  "atomic  theory"  are  utterly  insignificant,  when  compared  with 
the  results  which  thus  naturally  flow  from  Gay-Lussac's  discovery  re- 
specting the  combination  of  gases,  and  Berzelius's  perception  of  its 
utility. 

2n 
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The  discovery  of  the  fact  that  radicals  of  every  descriptioii  are  die 
equivalents  of  H^  and  CIS  and  that  two  radicals  complete  a  salt,  whether 
oxygen  is  present  or  not,  reduces  the  theory  of  salts  to  great  simplicitj, 
and  goes  far  to  obliterate  the  needless  and  absurd  distinction  which  is 
usually  made  between  inorganic  chemistry  and  oi^ganic  chemistry. 

I  need  scarcely  refer  in  this  summary  to  matters  of  detail  that  have 
been  amply  developed  in  the  article  on  the  gases,  such  as  the  feet,  that 
oxygen,  carbon,  sulphur,  and  radicals  with  a^  even  number  of  atoms 
of  hydrogen,  measure  nothing  in  gaseoua  Eolts;  nor  to  any  other 
of  the  peculiarities  of  the  elements  of  gases,  the  elimination  of  which 
has  enabled  me  to  give  to  the  theory  of  gases  a  useful  degree  c^ 
exactness.     See  page  io8. 

If  the  law  of  combination  in  multiple  proportions  was  well  founded, 
and  could  explain  anything,  it  might  be  useful  in  organic  chemistry  to 
explain  the  production  of  complex  organic  radicals.  Let  us  see  how  it 
helps  us  there.  Turn  to  page  525,  and  look  down  Group  A.  Wliat 
does  the  law  of  combination  in  multiple  proportions  teach  us  in  referenoe 
to  the  radicab  which  are  formulated  in  that  column?  Readii^  the 
Table,  in  accordance  with  this  law,  we  may  say — "  One  atom  of  carbon 
combines  with  three  atoms  of  hydrogen  to  form  one  atom  of  methjL 
Twenty-seven  atoms  of  carbon  combine  with  fifty-five  atoms  of  hydro^n 
to  form  one  atom  of  ceryl.  Thirty  atoms  of  carbon  combine  widi  sixty- 
one  atoms  of  hydrogen  to  ^^rm  one  atom  of  myricyl."  That  is  the 
teaching  of  the  law  of  combination  in  multif4e  proportions !  Obd  any 
human  being  believe  such  statements  to  be  true?  What  kind  c^ 
"  affinity  "  is  it  which  induces  30  atoms,  all  alikej^  to  combine  with  one 
another  into  a  clump,  which  induces  61  other  atoms,  also  all  alike,  and 
in  the  presence  of  30  different  atoms,  to  combine  with  one  another  into 
another  clump,  and  which  then  induces  the  two  clumps  to  combine  into 
one  compound  ? 

I  confess,  that  this  doctrine  of  combination  in  multiple  proportions  is 
beyond  my  powers  of  comprehension,  and  I  cast  it  aside  as  a  useless 
incumbrance.  I  do  not  believe  that  the  radicals  of  Group  A,  page  525, 
are  in  any  case  formed  by  the  direct  combination  of  all  their  carbon  wiui 
all  their  hydrogen.  On  the  contrary,  I  believe  that  the  radicals  of  this 
group,  like  those  of  all  other  groups,  are  built  up  progressively  by  the 
method  which  I  have  described  in  the  last  section.  The  evidence  in 
favour  of  this  supposition  is  the  &ct,  that  at  each  step  of  the  progressioti, 
a  definite  radical  is  produced  which  possesses  an  ascertainable  in- 
dividuality. 

Thus,  H  is  a  radical  s  Hydrogen. 

C-f  H  is  a  radical  =a  CH,  Formyl. 
CH-f-H  is  a  radical  =  CH*,  Vinyl. 
CH"+H  is  a  radical  =  CH»,  Methyl. 


4  "  -• 
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Then,  in  another  series  we  have 

H+CEP  -  CIP,  methyl. 
CIP+CH«  =  C*H»,  ethyl, 
C*H»+CH«  =  CIT,  propyl,  and  so  on  to 
(?»H»+CH«  =  C»H",  myricyl 

In  this  process  of  oonstraction,  everything  goes  on  step  by  step,  and 
every  step  is  of  use.  There  is  no  evidence  of  the  occurrence  of  those 
monstrous  jumps  of  one  mighty  block  of  atoms  to  join  another  mighty 
block,  which  the  law  of  combination  in  multiple  proportions  calls  upon 
its  votaries  to  credit 

When  a  galvanic  circoit  shall  be  found  to  require  20  zincodes  and 
61  platinodes,  and  shall  be  able  to  decompose  an  atom  of  myricyl  in  such 
a  manner  as  to  throw  off  30  atoms  of  carbon  at  the  zincodes  and  61 
atoms  of  hydrogen  at  the  platinodes,  and  shall  thereby  give  us  some 
reason  to  believe  in  the  possibility  of  '*  decomposition  in  multiple  propor- 
tions," it  will  be  time  to  begin  to  believe  in  the  assumed  &ct  of 
** combination  in  multiple  proportions;^  but  there  is  no  necessity  to 
adopt  this  behef,  till  we  have  witnessed  the  performance  of  that 
experiment. 


The  Evidence  of  Electrolysis  in  favour  of  the  Eadical 

Theory. 

As  the  terms  employed  by  writers  on  electro^emistry  difier  greatly, 
I  take  the  liberty  to  prefix  a  list  of  synonyms. 

Negative  Pole ;  —  pole ;  cathode ;  platinode ;  negative  electrode. 
To  this  pole  go  Hydrogen,  Metals,  Alkalies. 

Positive  Pole ;  +  pole ;  anode ;  zincode ;  positive  electrode. 
To  tills  pole  go  Oxygen,  Chlorine,  Acids. 

A.  Magnus's  Results. 

An  interesting  series  of  **  electrolytic  researches  "  has  just  been  pub- 
lished by  Professor  G.  Magnus  {Poggmdorf*s  Annalen  der  Pht/sik  und 
Chemief  No.  9,  1857,  Band  cii.),  from  which  I  extract  the  following 
1 2  results ;  referring  to  the  original  essay  for  details. 

1.  For  I  equivalent  of  oxygen  disengaged  [in  the  voltameter],  when 
cuprous  chloride  is  acted  on,  2  equivalents  of  copper  are  deposited. 

2.  From  stannous  chloride,  Sn-f-Cl,  for  i  equivalent  of  oxygen, 
I  equivalent  of  tin.     4i/v^    c.^     \,\     c-^c^rr    .     v.  Otc  ' 

/  2  N  2  I 

.-->:  ^:  ■  (  ,  J,    -/t^,  f     if      ^  ^  , ..  M  .  r  -^     -^jy  <  ^  ■ 
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3.  From  stannic  chloride,  Sn-f-aCl,  for  i  equivalent  of  01^'gen,  half 
an  equivalent  of  tin. 

Hence,  an  atom  of  stannous  chloride  requires  for  its  decomposition 
half  as  much  electrical  power  as  an  atom  of  stannic  chloride. 

4.  When  the  current  went  from  the  voltameter  first  through  cnpric 
sulphate  and  then  through  cuprous  chloride,  twice  as  much  copper  was 
deposited  in  the  latter  as  in  the  former. 

5.  There  is  no  evidence  in  favour  of  Daniell's  supposition  of  the 
decomposability  of  CuO+SC  into  Cu+SO. 

6.  When  an  aqueous  solution  of  pure  crystallised  iodic  acid  is  acted 
upon,  I  equivalent  of  iodine  is  deposited  on  the  negative  electrode  and 
5  equivalents  of  oxygen  are  set  free  on  the  positive  electrode. 

7.  It  requires  five  times  the  electric  power  to  decompose  an  atom  of 
iodic  acid  =  I  -|-  O*,  that  it  requires  to  decompose  an  atom  of  water 

=  H-hO. 

8.  The  same  electric  power  is  required  to  separate  the  same  quandtr 
of  oxygen  from  iodic  acid  and  sulphuric  acid,  while  for  H^  disengaged 
by  the  sulphuric  acid  only  I-J-  is  deposited  by  the  iodic  acid. 

9.  To  decompose  an  atom  of  ferric  sulphate  =  Fe"0*  -f-  3 SO*  -f-  Aq 
into  ferrous  sulphate  2(FeO  +  SO")  and  into  oxygen  O,  and  sulphuric 
acid  SO",  it  requires  the  same  power  as  to  decompose  an  atom  of  water 
H  +  O,  and  also  the  same  power  as  to  decompose  FeO  +  SO*  into  iron 
on  the  one  side,  and  oxygen  and  sulphuric  acid  on  the  other. 

I  o.  The  same  power  is  required  to  separate  a  simple  substance  from 
a  binary  compound  as  is  required  to  separate  it  from  a  complex  saline 
compound. 

11.  This  result  may  present  a  difficulty  to  chemists,  who  can  only 
conceive  the  decomposition  of  a  salt  to  be  into  an  acid  and  a  base ;  for, 
according  to  this  view,  the  power  which  is  required  to  decompose  the 
oxide  must  also  be  strong  enough  first  to  separate  the  oxide  from  the 
acid,  and  then  to  decompose  the  oxide.  But  this  difficulty  falls  away 
if  we  consider  the  galvanic  decomposition  to  be  a  distribtttive  actum  if 
the  eUctriciby  (eine  vertheilende  Wirkung  der  Electricitat). 

12.  How  greatly  the  atoms  which  are  equivalents  in  galvanic  action 
differ  from  chemical  atoms  is  shown  by  the  following  examples : 

Chemical  Atoms.  Galvanic  Equivalents. 

H4-O  H  +  0 

1  +  50  +1  +  0^ 

CuO  -f-  SO"  -f-  5Aq  CuO  +  80^  -f  5 Aq 

Cu  +  Cl  Cti+Ci- 

2Cu  +  CI  2Cu  4.  CI 

Sn  +  CI  iSn  +  a 

2Sn  +  CI  Sn  +  a 


••'-  ^  -         "^     I     -i 


C    «r 


I  * 


l^-(\ 
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B.  Faradat's  Results. 

13.  "  Electrolytes  must  consist  of  two  ions." 

14.  "  There  is  but  one  electrolyte,  composed  of  the  same  elementary 
ions,  at  least  such  appears  to  be  the  fact,  dependent  upon  a  law,  that 
only  single  electro-chemical  equivalents  of  elementary  ions,  can  go  to  the 
electrodes  and  not  multiples." 

1 5.  '^  Electro-chemical  equivalents  coincide,  and  are  the  same  with 
ordinary  chemical  equivalents." 

1 5.  "A  very  vaJuable  use  of  electro-chemical  equivalents  will  be 
to  decide,  in  cases  of  doubt,  what  is  the  true  chemical  equivalent, 
or  definite  proportional  or  atomic  number  of  a  body ;  for  I  have  such  a 
conviction  that  the  power  which  governs  electro-decomposition  and 
ordinary  chemical  attraction  is  the  same,  and  such  confidence  in  the 
overruling  influence  of  those  natural  laws  which  render  the  former 
definite,  as  to  feel  no  hesitation  in  believing  that  the  latter  must  submit 
to  them  also.  Such  being  the  case,  I  can  have  no  doubt,  that  assuming 
hydrogen  as  i,  and  dismissing  small  fractions  for  the  simplicity  of 
expression,  the  equivalent  number  or  atomic  weight  of  oxygen  is  8,  of 
chlorine  36,  of  bromine  78*4,  of  lead  103*5,  ^^  *"^  59»  ^'j  oo*^with- 
standing  that  a  very  high  authority  doubles  several  of  the  numbers." 

17.  ^*  The  equivalent  weights  of  bodies  are  simply  those  quantities  of 

them  which  contain  equal  quantities  of  electricity or,  if  we 

adopt  the  atomic  theory  or  phraseology,  then  the  atoms  of  bodies  have 
equal  quantities  of  electricity  naturally  associated  with  them.  But  I 
must  confess  I  am  jealous  of  the  term  atom ;  for  though  it  is  very  easy 
to  talk  of  atoms,  it  is  very  difficult  to  form  a  clear  idea  of  their  nature, 
especially  when  compound  bodies  are  under  consideration."  Henry's 
Memoirs  of  Dalixm^  page  106. 

C.  Gmelin's  Summary. 

18.  An  electric  current  decomposes  an  atom  of  an  oxygen  salt  in  the 
same  time  as  it  decomposes  an  atom  of  water  or  chloride  of  lead. 

19.  When  sulphate  of  soda  is  decomposed — it  is  found  that  the 
volume  of  detonating  gas  collected  in  the  voltameter  is  equal  to  the 
volume  of  hydrogen  obtained  in  the  negative  division  of  the  decomposing 
apparatus  together  with  that  of  the  oxygen  evolved  in  the  positive 
division, — and  that  for  every  Q  parts  (one  atom)  of  water  decomposed 
in  the  voltameter,  32  parts  (one  atom)  of  soda  are  set  free  in  the 
n^ative,  and  40  parts  (one  atom)  of  sulphuric  acid  in  the  positive 
division. 

20.  If  the  voltameter  consists  of  fused  chloride  of  lead,  then  an  atom 
of  lead  is  deposited  for  every  atom  of  sulphate  of  soda,  or  sal-ammoniac, 
or  chloride  of  sodium,  which  is  decomposed  in  the  cells. 
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21.  These  experiments  are  &vonrable  to  the  sapposition  that  the 
oxygen-salts  shoaid  be  regarded  as  compounds  of  metals  'with  the 
soncalled  salt-radicals,  —  e,g.,  sulphate  of  soda  not  as  NaO,SO^»  hot  as 
Na,SO* ;  and  that  the  same  quantity  of  electricity  which  serres  to  sepa- 
rate an  atom  of  oxygen,  chlorine,  or  iodine,  from  an  atom  of  hjdrogeiif 
or  a  metal,  is  likewise  exactly  sufficient  to  separate  an  atom  of  SO*, 
or  any  other  compound  salt-radical  from  an  atom  of  metal* — DcaddU 

22.  Matteucci  obtained  the  same  results  by  subjecting  other  salts  to 
similar  treatment.  For  every  atom  of  water  decomposed  in  te 
voltameter  he  obtained  from  the  saline  solution  i  atom  of  hydrogen  gas, 
I  atom  of  oxygen,  i  atom  of  base,  and  i  atom  of  acid. 

23.  The  theory  which  regards  sulphate  of  soda  as  Na,SO*  certainly 
affords  the  simplest  explanation  of  its  electrolysis.  Since,  however, 
many  weighty  reasons  may  be  urged  against  the  adoption  of  this  hypo- 
thesis, the  following  explanation  may  for  the  present  be  admitted. 
Sulphate  of  soda  is  NaO^SO* ;  decomposition  by  the  electric  cufient  is 
exerted  only  on  the  soda  (since,  by  Faraday's  law,  SO*  is  incapable 
of  direct  decomposition).  Sodium  separates  at  the  negative  pole,  where 
it  decomposes  water  and  yields  soda  and  hydrogen  gas.  The  oxygen 
which  was  combined  with  the  sodium  is  transferred,  together  with  the 
sulphuric  acid,  to  the  adjacent  atom  of  sodium.  An  atom  of  oxygen  is 
set  free  at  the  positive  pole,  and  since  the  sodium  which  was  combined 
with  it  goes  towards  the  negative  pole,  the  sulphuric  add  is  set  free  bgr 
secondary  action,  or  rather  it  passes  from  its  state  of  combination  with 
soda  into  that  of  combination  with  water. 

24.  In  the  case  of  sulphate  of  copper,  &c.,  similar  actions  take  place,  ex- 
cepting that  the  metal  liberated  by  the  current  does  not  decompose  water. 

25.  The  decomposition  of  oxygen-salts  of  ammonia  is  most  satis^K- 
torily  explained  by  adopting  the  ammonium  theory  of  Berzelitis, 
according  to  which,  sulphate  of  ammonia,  for  example,  which  always 
contains  water,  is  to  be  r^arded  as  sulphate  of  oxide  of  ammonium 
(NH*0,SO*).  The  electric  current  decomposes  the  oxide  of  ammoniimi, 
just  as  it  does  a  metallic  oxide,  into  oxygen  and  ammonium,  and  the 
latter  is  resolved  into  hydrogen  gas  whidi  escapes,  and  ammonia  whidi 
remains  in  solution.  According  to  this  view,  the  direct  action  of  the 
electric  current  is  confined  to  tibe  decomposition  of  metallic  oxides,  and 
the  transference  of  the  acid  from  the  decomposing  oxkle  to  the  water  is 
merely  a  consequence  of  this  action.  (Hess's  Observations  on  DanieU's 
Theory,  in  Pogg,  Ann,^  53,  505).  Gmelin's  Eaxy^xxk  of  Chemistry^ 
i.  460. 

D.  Particular  Facts. 

26.  It  is  clearly  proved  by  experiment  that  for  every  32  grains  of 
zinc  which  is  dissolved  in  any  one  cell  of  the  battery,  9  grains  of  water 
are  decomposed  in  the  voltameter. — MUler, 
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27.  If  the  CTirrent  is  made  to  pass  first  through  fused  iodide  of  lead, 
and  then  through  fused  chloride  of  tin,  for  each  32  grains  of  zinc 
dissolyed  in  any  one  cell  of  the  batter j,  104  grains  of  lead,  and  59 
grains  of  tin  will  be  separated  on  the  respective  platinodes,  whilst  1 26 
giBins  of  iodine,  and  36  grains  of  chlcnrine  will  be  evolved  on  the 
respective  zincodes. — Miller, 

28.  When  starch  which  contains  both  iodine  and  bromine  is  subjected 
to  the  action  of  the  curr^t,  the  mixture  becomes  bhie  at  the  negative 
pole  and  orange-coloured  at  the  positive  pole^  showing  that  iodine  is 
txmnaferred  to  the  former  and  bromine  to  the  latter. — De  la  Eive. 

29*  When  dilute  phosphoric  acid  is  acted  upon,  and  the  oxygen  and 
hydrogen  are  collected  apart,  it  is  found  that  while  one  atom  of  water  is 
daeomposed,  only  from  one-fiflh  to  one-fourth  of  an  atom  of  phosphoric 
acid  is  carried  over  to  the  positive  pole.-— i^am^Z. 

30.  When  hydriodic  acid  is  electrolysed,  hydrogen  goes  to  the 
negative  pole,  and  iodine  and  oxygen  to  the  positive  pole. — Matteucci, 

31.  Aqueous  solution  of  iodide  of  potassium  yields  iodine  at  the 
anode,  potash  and  hydrogen  gas  at  the  cathode. — Faraday, 

22.  Fused  protochlonde  of  tin  is  resolved  into  metallic  tin  and 
faichloride  of  tin,  the  latter  escaping  in  vapour. — Faraday, 

33.  Aqueous  solution  of  sal-ammoniac  is  resolved  into  chlorine  at  the 
poaitive  pole  and  hydrogen  and  anmicmia  at  the  negative  pole. — Hismger 
and  B^zeUus, 

34.  Solution  of  common  salt  gives  chlorine  at  tiie  positive  pole, 
hydrogen  gas  and  soda  at  the  negative  pole. — Higgins  and  Draper. 

^5.  Hydrate  of  potash  yields  oxygen  gas  at  the  anode,  and  at  the 
cathode  hydrogen  gas  and  potassium. — Davy^ 

Application  of  Elbctrolttio  Facts  to  the  support  of  the 

Radical  Theory. 

I  proceed  to  show  that  these  electrolytic  &cts  are  in  accordance  with 
the  radical  theory,  and  in  particular  with  the  following  axioms : — 

1.  A  salt  is  a  compound  of  two  radicals,  simple  or  compound,  with  or 
without  oxygen. 

2.  Water  is  a  salt,  whose  constitution  is  represented  by  the  formula 
H4-HO. 

3.  All  combination  is  binary.  One  basic  radical  combines  with  one 
acid  radical. 

4.  Combination  in  multiple  proportions  never  takes  place. 

5.  Chemical  radicals  are  the  same  as  galvanic  equivalents. 

In  the  following  explanations,  I  take  the  iacts  in  the  order  of  the  fore- 
going list     The  symbols  have  now  the  values  given  at  page  28. 

I.  Cuprous  chloride,  CuCl,  gives  Cu,  with  -JO  in  the  voltameter. 
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Because  Cu  is  the  basylous  atom  =  64  combined  with  CI.  Both  Oi 
and  CI  are  equivalent  to  H.  Consequently  ^HHO)  is  decomposed 
in  the  voltameter.  If  HHO  were  set  free  in  the  voltameter,  that  is  to 
say,  2  parts  or  2  volumes  of  hydrogen,  and  16  parts  or  i  volmme  of 
oxygen,  the  equivalents  of  HH,  namely,  CICl  and  CuCu,  mast  be  set 
free  in  the  cells.  Magnus's  **  i  equivalent  of  oxygen,"  signifies  8  by 
weight,  or  i  volume  of  gas,  so  that  if  the  equivalent  of  O  is  doabied, 
the  equivalent  of  the  deposited  metals  must  also  be  doubled.  On  this 
point,  consult  No.  16,  page  556. 

2.  Stannous  chloride,  SnCl,  gives  Sn  for-^O.  Because  Sd  is  the 
basylous  atom  =59,  combined  with  CI.  Both  atoms  =  H.  Hence 
i(HHO)  is  decomposed. 

3.  Stannic  chloride,  SncCl,  gives  Snc  or  i  Sn,  for  iO.  Because  Sue 
is  the  basylic  atom  =  29*5,  combined  with  CI.  Both  atoms  =  H. 
Hence  i(HHO)  is  decomposed. 

Magnus's  idea  that  the  atom  of  stannous  chloride  requires  for  its  de- 
composition half  as  much  electrical  power  as  the  atom  of  stannic 
chloride  is  a  fallacy.  If  CI  is  put  as  the  standard,  the  same  power  sepa- 
rates it  from  each  salt,  but  with  the  deposition  of  Cu  in  one  case,  smd 
Cue  in  the  other,  the  former  radical  being  twice  as  heavy  as  the  latter. 

4.  When  cupric  sulphate  =  CucSO'  and  cuprous  chloride  =  CnQ 
are  acted  on  by  the  same  current,  the  first  gives  Cue  =  32,  and  the 
second  gives  Cu  =  64,  because  both  of  these  are  radicab  of  the  same 
chemical  and  voltaic  equivalence. 

5.  Read  Gmelin's  summary  of  &cts  and  opinions  as  to  Damdl^s 
Theory,  Nos.  18  to  25. 

I  do  not  know  in  what  manner  the  oxygen  of  a  salt  is  divided  between 
the  basic  radical  and  the  acid  radical,  and  the  whole  series  of  dectio- 
lytic  reseai'ches  gives  no  conclusive  results  on  this  point. 

When  sulphate  of  copper  =  Cuc,SOO,  which  consists  of  two  radicals 
with  two  atoms  of  oxygen,  is  decomposed  in  the  presence  of  water,  I 
apprehend  that  hydrated  sulphuric  acid  is  instantly  constituted  at  the 
cost  of  an  atom  of  water;  thus : 

^j  ,,  jCucSOO  ]  f  Cue  +  H,SOO 
^^^^  •  tCucSOO  I  «  {  Cue  +  H,SOO 
Water  HHOJ        (  O 

According  to  this  equation,  64  parts  of  copper  are  deposited  while 
16  parts  of  oxygen  are  disengaged,  which  agrees  with  the  statical  re- 
sults. The  reason  that  two  atoms  of  the  copper  salt  are  decomposed 
is,  that  water  contains  two  atoms  of  hydrogen,  and  demands  two  atoms 
of  sulphur  with  which  to  combine.    See  No.  16,  page  556. 

The  passage  of  the  electric  current  through  a  solution  of  sulphate  of 
copper,  may  be  represented  thus : 
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A.  Before  the  current  passes. 


-Pole 


CucSOO 
CucSOO 


CucSOO 
CucSOO 


CucSOO 
CucSOO 
HHO 


+  Pole. 


B.  After  the  current  passes. 


-  Pole 


Cue 
Cue 


SOOCuc 
SOOCuc 


SOOCuc 
SOOCuc 


SOO 

SOO 

HH 


0 


+  Pole. 


Before  the  current  passes,  (A.),  the  atoms  of  sulphate  are  supposed  to  be 
in  contact  with  water,  ready  to  act  in  case  of  need,  which  I  take  it  we 
must  admit  to  be  the  constant  duty  of  the  water  of  a  solution.  Af);er 
the  current  passes  f  B.),  an  atom  of  oxygen  is  given  off  at  the  positive 
pole,  two  atoms  oi  hydrated  sulphuric  acid  are  deposited  there,  and 
simultaneously  two  cupric  atoms  are  deposited  at  the  negative  pole. 
The  electric  power  is  transferred  through  the  solution  in  the  manner 
shown  by  the  diagram. 

In  this  explanation,  I  have  supposed  that  the  cupric  sulphate  is 
Cue  4-  SOO;  let  us  see  how  it  would  act  if  its  composition  were 
CucO  +  SO. 

A.  Before  the  current  passes. 


-Pole 


CucOSO 
CucOSO 


CucOSO 
CucOSO 


CucOSO 
CucOSO 
HHO 


+  Pole. 


B.  After  the  current  passes. 


-  Pole 


Cue 
Cue 


OSOCuc 
OSOCuc 


OSOCuc 
OSOCuc 


OSO 

OSO 

HH 


O 


+  Pole. 


There  is  no  effect  represented  here  which  helps  to  decide  the  question 
whether  the  oxygen  of  a  sulphate  is  entirely  combined  with  the  sulphur, 
or  divided  equally  or  unequally  between  the  sulphur  and  the  metal.  The 
movements  of  oxygen  are  too  subtle  for  detection  either  by  chemical  re- 
actions or  electrolysis. 

6.  When  a  salt  which  contains  iodine  as  its  negative  radical  without 
oxygen,  is  electrolysed,  the  iodine  is  deposited  on  the  positive  pole ;  see 
iodide  of  potassium  (27  and  31)  and  hydriodic  acid  (30) ;  but  when 
iodic  acid  (H,IO*)  is  electrolysed,  the  iodine  is  deposited  on  the  negative 
pole,  and  the  oxygen  is  given  off  on  the  positive  pole. 

7,  8.  The  disengagement  of  O*  from  diluted  sulphuric  acid  leaves  the 
sulphuric  acid  in  its  original  condition,  so  that  the  O^  come  entirely  from 
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water,  and  must  liberate  H*^  The  disengagement  of  O  from  iodic  add 
leaves  nothing  but  iodine,  its  hydrogen  and  oxygen  being  all  disengaged ; 
but  since  HIO*  does  not  contain  O^,  we  must  examine  more  closely  what 
this  reaction  signifies : 

When  this  compound  is  exposed  to  electrolysis,  I  imagine  that  it  gives 
off  its  oxygen  atom  by  atom,  producing  a  series  of  acids  which  may  be 
represented  by  the  following  formula : 


IHIOOO     Q, 
^  JHIOO    ,  ^ 


^  JHIO    ,  ^ 
4-tHIO  +^ 


5 

6. 


HIO 

I 

I 


.IgJ^+C 


+  HHO 


By  five  successive  operations,  each  equivalent  to  the  decomposition  of  an 
atom  of  water,  and  each  therefore  yielding  O^  it  gives  off  in  all  O^. 
Arrived  at  this  point,  the  last  O  and  the  two  atoms  of  H  combine 
together,  and  the  iodine  is  finally  isolated.  It  is  easy  to  understand,  that 
as  the  iodine  is  deposited  on  the  negative  pole,  the  Uberated  oxygen 
must  act  there  upon  the  water,  and  cause  a  oonrespooding  reaction  at  the 
positive  pole.  Every  O^  lost  by  the  iodic  acid  taJces  H'  from,  the  water 
at  the  negative  pole,  and  therefore  throws  off  0^  at  the  positive  pole. 
The  correspondence  of  the  decomposition  of  one  atom  of  iodic  acid  with 
the  disengagement  of  O*  from  sulphuric  acid  is  clear  enough,  but  it 
remains  equally  dear  that  the  acid  radicals  of  iodic  and  sulphuric  add 
are  each  one  radical,  and  that  each  effects  the  decomposition  of  5HHO. 
9.  I  conceive  this  reaction  to  take  place  as  follows : 


(FecSO"! 
^FecSO^V 
(FecSO^) 
fFecSO" 
^FecSO»V 
(FecSOM 
H,HO 


(FeSO»l 
^FeSO«V 

(hso«) 

FeSOM 
<FeSO*V 
HS0»1 
0 


Under  the  action  of  the  electric  current,  which  decomposes  an  atom  of 
water  and  sets  free  H',  the  ferric  atoms  of  these  sulphates  become  con- 
verted into  ferrous  atoms.  Six  ferric  atoms  produce  four  ferrous  atoms, 
and  set  free  SO*  +  SO*  to  take  up  the  fiee  H*  and  produce  two  atoms 
of  hydrated  sulphuric  acid.  The  separation  of  H*  from  water  sets  C 
free.  Extensive  as  this  reaction  appears  in  the  diagram,  the  electiolytic 
action  takes  place  only  upon  one  atom  of  HHO,  and  therefore  corre- 
sponds with  HHO  in  the  voltameter.  The  presence  of  the  basic 
hydrogen  thus  set  free,  is  the  predisposing  cause  of  the  reducti<»  of 
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the  ferric  atoms  to  fbrrous  atoms.     I  have  fully  explained  the  nature  of 
this  operation  at  pages  34  and  310  in  this  work. 

The  i-eduction  of  ferrous  sulphate  to  iron,  oxygen,  and  sulphuric  acid, 
referred  to  in  9  as  being  effected  by  the  same  amount  of  electric  power 
as  the  decomposition  of  H  -f  HO,  may  be  explained  as  follows : 

FeSO"  -f  H  Fe  +  HSO« 

FeSO»  +  H     a     Fe  -f  HSO« 

O  0 

Here  again  the  effect  is  practically  produced  by  the  electro-decomposition 
of  one  atom  of  water. 

10.  The  statement  made  at  this  number  is  true  within  certain  limits, 
but  not  in  an  absolute  sense.  One  unit  of  electric  power  decomposes  one 
equivalent  of  an  iodide  and  liberates  one  atom  of  iodine, — see  27,  31 — 
whereas  five  units  of  electric  power  are  demanded  to  decompose  one 
equivalent  of  hydrated  iodic  acid,  and  liberate  one  atom  of  iodine^ — see 
6,  7,  8. 

The  statement  is  probably  true  of  all  salts  that  contain  two  radicals 
with  no  oxygeUy  or  toith  0\  or  with  0*,  but  not  with  O" ;  for  the  salts  of 
iodine  with  0",  just  referred  to,  and  those  of  phosphorus  with  O*, — see 
29 — both  require  additional  force.  The  uniformity  of  the  action  upon 
salts  that  contain  O*^,  OS  O*,  depends  upon  the  contemporaneous  reaction 
on  one  atom  of  water  H  +  HO ;  the  special  results  in  each  case  varying 
according  to  the  individual  properties  of  the  radicals  submitted  to  elec- 
trolysis ;  such  as  the  power  of  the  separated  metal  to  remain  metallic,  as 
copper,  or  to  form  a  hydrated  alkali,  as  potassium,  or  that  of  the  acid 
radical  to  fly  off  in  gas  as  chlorine,  or  to  remain  in  the  liquid  as 
hydrated  acid,  like  sulphuric  acid. 

1 1.  The  difficulty  which  Magnus  alludea  to  in  this  number,  is  for  me 
non-existent.  Every  hose  and  every  acid  is  for  me  a  salt.  All  these 
three  classes  of  compounds  contain  on  the  radical  theory  two  radicals, 
and  are  subject  to  decomposition  by  the  same  amount  of  electric  power, 
provided  their  quantum  of  oxygen  presaits  no  hindrance.  But  if  I  felt 
a  difficulty  on  liiis  point,  and  required  an  explanation,  I  should  be  dis- 
satisfied with  that  which  is  given  by  Magnus ;  because  I  am  unable  to 
comprehend  how  "  the  same  power "  can  perform  distributively  twice 
the  woric  that  it  can  perform  collectively. 

12.  Magnus's  conclusion,  that  ^*  galvanic  equivalents  are  not  the  same 
08  chemkxd  atoms"  is  a  fallacy,  which  arises  from  the  reasonings 
prompted  by  his  atomic  weights  (viz.,  0=8,  water  =  H  +  O,  &c.) 
and  which  disappears  when  the  equivalents  are  adjusted  to  suit  the 
atomic  weights  of  the  radical  theory.     Thus — 

Water  should  be      «  H,HO. 
Hydrated  iodic  acid  ««  H,IO^ 
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Cupric  sulphate  =  CucSO* 

Cuprous  chloride  =  CuCl 

Cupric  chloride  =  CucCl 

Stannous  chloride  =  SnCl 

Stannic  chloride  =  SncCl. 

The  explanations  which  I  have  given  prove  that  the  chemical  and  gal- 
vanic atoms  are  perfectly  equivalent.  Be  it  remarked,  however,  that 
the  chemical  equivalents  are  not  atoms  according  to  the  common  scale  of 
atomic  weights,  but  radicals  in  accordance  with  the  radical  theory, 
which  acknowledges  that  both  tin  and  copper  make  two  diflerent 
radicals,  each  of  which  is  the  equivalent  of  an  atom  of  hydrogen,  even 
in  the  electric  current. 

13.  This  first  law  of  electrolysis,  as  laid  down  by  Faraday,  seems  to 
be  true,  and  to  be  destructive  of  the  law  of  combination  in  multiple  path 
portions ;  for  if  chemical  and  electrical  action  is  the  same,  how  can  we 
logically  admit  that  chemistry  can  combine  together  multiple  propor- 
tions which  electricity  cannot  separate  ? 

14.  This  result  must  be  compared  with  the  results  obtained  by 
Magnus,  such  as  the  electrolysis  of  the  compounds — 

CuCl  Sn  a 

Cuca  SncCl 

These  results  seem  to  be  in  opposition  to  the  law  which  is  here  laid 
down  by  Faraday,  but  they  agree  perfectly  well  with  the  theory  that 
the  basylous  and  basylic  atoms  are  dijQferent  radicals  produced  by  the 
same  element,  and  act  severally  as  elementary  ions. 

1 5.  Electro-chemical  equivsdents  agree  with  radicals. 

i5.  I  agree  with  Faraday's  general  principle,  but  not  with  all  the 
atomic  numbers  which  he  has  deduced  by  means  of  it.  Those  of 
chlorine,  bromine,  and  lead  I  agree  to.  That  of  tin  represents  the 
stannous  radical,  and  must  be  coupled  with  another  to  represent  the 
stannic  radical.  Faraday's  experiment  (32)  is  not  adverse  to  this 
proposal.  He  found  that  SnCl  was  resolved  by  electrolysis  into  Snc(3 
4-  Snc,  namely,  the  combined  action  of  heat  and  electricity  splits  Sn 
into  Snc  4-  Snc,  half  the  metal  remains  behind  and  the  volatile  SncQ 
flies  off  in  vapour.  My  chief  objection  lies  to  Faraday's  number  for 
oxygen  =  8,  which  is  only  half  what  it  ought  to  be.  It  is  no  doubt 
true  that  half  a  volume  of  oxygen  gas  is  separable  in  electrolysis,  with 
one  volume  of  hydrogen  gas ;  but  ic  is  equally  true,  that  one  volume  of 
oxygen  gas  is  separable  with  two  volumes  of  hydrogen ;  and  the  law  of 
galvanic  equivalency  is  sufficiently  obeyed,  if  it  is  shown,  that  for  every 
volume  of  oxygen  which  is  disengaged,  there  is  a  simultaneous  disen- 
gagement of  two  volumes  of  hydrogen ;  for  the  electrolysis  of  water 
into  HH  4-  O,  that  is  to  say,  into  two  volumes  of  hydrogen  and  one 
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volume  of  oxygen,  is  the  product  of  two  dectrdi/tic  operations ;  the  first 
of  which  separates  H  +  HO  into  H  and  HO,  while  the  second  separates 
HO  into  H  and  0.  It  is  a  consequence  of  this  twofold  electrolysis,  that 
the  same  current  which  decomposes  1 8  parts  of  water  in  the  voltameter, 
decomposes  two  atoms  of  any  normal  salt  upon  which  it  is  made  to 
act,  and  sets  free  four  radicals,  two  of  them  basic  and  two  acid :  thus, 
the  decomposition  of  1 8  parts  of  HHO  in  the  voltameter  is  accompanied 
bj  the  simultaneous 

From 


Deposition  of 

and  Separation  of 

Cu    +  Cu    =128  parts. 

CI  +  CI 

Cue  4-  Cue  =     64  parts. 

so«  4-  so« 

Sn    4-  Sn    =118  parts. 

CI  4-  CI 

Sue  4-  Snc  =     59  parts. 

CI  4-  CI 

Na   4-  Na    =     46  parts. 

SO*  4-  S0« 

2Cu  CI 

= 

No. 

I. 

2CucS0« 

^ 

No. 

4- 

2Sn  a 

= 

No. 

2. 

2SncCl 

= 

No. 

3- 

2NaS0« 

s 

No. 

19. 

Thus,  when  the  voltameter,  or  standard  of  electrolytic  power,  is  the 
quantity  of  water  that  undergoes  decomposition,  there  is,  in  all  cases, 
for  each  HHO  that  is  decomposed,  or  each  O  that  is  set  free,  a  decom- 
position effected  of  two  atoms  of  a  normal  salt,  which  sets  free  two 
positive  radicals  and  two  negative  radicals,  it  being  perfectly  indifferent, 
as  respects  the  electrolytic  power,  whether  the  positive  radicals  are  of 
the  basylous  or  the  basylic  description.  If  the  reader  prefers  to  have 
this  result  stated  in  the  usual  cabalistic  language  of  chemists,  I  may  say, 
that  the  same  current  can  separate  a  greater  quantity  of  metal  from  a 
*^protosalt**  than  it  can  from  a  ^*persalt." 

When  the  voltameter  of  a  circuit  contains  a  binary  compound  free 
from  water,  such  as  fused  chloride  of  lead,  then  the  current  which  decom- 
poses one  atom  of  the  standard  and  liberates  its  two  radicals,  will  also 
decompose  one  atom  of  any  normal  salt  through  which  it  passes ; 
thus: — 


f  =  Na,SO*  I 

Pb  4-  CI  ^  =  ZH*,a 

i  =  Na,a 

Pb  4-  I  =  Sn,a 


>  -  No.  20. 
=  No.  27. 


Hence  it  follows,  that  Faraday's  laws  of  electrolysis  agree  precisely  in 
sense  with  the  radical  theory,  and  differ  only  in  the  form  of  expression 
which  was  accommodated  by  him  to  the  current  views  of  chemists.  If 
water  is  taken  to  be  constituted  of  H  4-  HO,  and  oxygen  is  fixed  at 
16,  we  still  agree  with  Faraday's  results. 

17.  Here,  again,  we  have  a  law  which  is  opposed,  and  justly  op- 
posed, to  the  law  of  combination  in  multiple  proportions,  if  the 
equivalent  radicals  A.  and  B.  contain  equal  quantities  of  electricity,  that 
is  to  say,  equal  powers  of  chemical  combination,  it  is  impossible  for 
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them  to  neutralise  one  another  when  presented  for  combination  in  sQdi 
assortments  as 

A  +  2B,    A  4-  3B,    A  +  4B 
2A  +  3B,  2A  +  5B,  2A  +  7B. 

See  the  quotation  from  Professor  Miller,  at  page  537-  So  also  the 
formation  of  the  organic  radicals  (J*  +  H**,  (^  -f  Il~,  &c.,  page  535, 
must  be  impossible.  If  we  consider  the  nature  of  these  examples, 
we  must  conclude  that  if  the  law  of  combination  in  multiple  propor- 
tions is  true,  those  of  electro-chemistry  must  be  fake ;  for  they  are 
perfectly  incompatible. 

18.  This  observation  agrees  with  No.  10  of  Magnus's  results,  and 
needs  no  further  remark. 

1 9.  The  decomposition  of  sulphate  of  soda  here  described  may  be 
represented  as  occurring  in  a  circuit,  thus :; — 


A.  Before  tfie  current  passes. 


-Pole 


-Pole 


H 

HO 

Na, 

SO* 

Na, 

S0» 

Na, 

S0» 

H    HO 

Na,    S0« 

Na,   S0» 

Na,    S0« 
HHO 

B.  After  the  cwrmt  passes. 

H 

HO    Na 

S0«    Na 

S0«    Na 

SO* 

H 

HO    Na 

S0«    Na 

S0«    Na 

S0« 

HH 

+  Pole. 


+  Pole. 


O 


This  scheme  shows  distinctly  how  it  happens  that  one  vohrnie  of 
oxygen  is  given  off  at  the  +  pole,  and  two  volumes  of  hydn^en  at  die 
—  pole,  and  how,  corresponding  with  these  proportions  of  the  two 
gases,  we  have  two  equi^ents  of  hydrated  sulphuric  acid  at  the  + 
pole,  and  two  equivalents  of  hydrated  soda  at  the  —  pole. 

20.  This  agrees  precisely  with  Faraday's  proportions:  2  atoms  of 
sulphate  of  soda  =:  2  atoms  of  lead  6=  2  atoms  of  chlorine  =  18  parts 
by  weight  of  water.      See  No.  16. 

21.  What  Daniell  and  Gmelin  call  NaSO^  is  what  I  call  NaSO*. 
Daniell's  experiment  proves  nothing  respecting  the  distribution  of  the 
oxygen  between  Na  and  S.     That  puzzle  still  awaits  a  solution. 

22.  Numbers  which  corroborate  those  given  in  19. 
23  and  24.  Already  sufficiently  explained  at  No.  5. 

25.  The  first  effect  produced  on  an  oxidised  salt  of  ammonia  would 
prol^bly  resemble  that  produced  on  a  salt  of  soda.  See  19.  Hydrogen 
would  escape,  and  we  should  have  in  solution  the  hydrate  ZH*  +  HO. 
If  the  electrolytic  action  proceeded,  the  next  decomposition  would  be 
into  ZH*,H  +  H,HO ;  namely,  water  would  be  separated,  and  anunonia 
produced.     This  may  go  ofifas  gas,  or  finally  be  resolved  into  N  4-  H*. 
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26.  The  reaction  Zn  +  H,SO"  =  H  +  Zn,SO«  is  eqtial  to  *HHO ; 
or  if  we  double  the  figures  we  have 

Zn  +  H,SO«  =  H  +  Zn,SO«      TTTir.  •    *u       1*^     * 
Zn  +  H;S0«  =  H  +  Zn,SO«  =  ™^  ^"  ^^  voltameter. 

27.  These  quantities  represent  the  weights  of  radicals,  as  aheady 
explained. 

28.  Another  example  of  the  separation  of  iodine  at  the  negative  pole. 
In  27  and  in  30  it  is  separated  at  the  positive  pole.  Hence,  even  ener- 
getic elements  can  act  either  as  basic  or  as  acid  radicals,  according  to  the 
force  impressed  upon  them  bj  other  radicals  with  which  they  are  in 
contact. 

29.  Compare  this  experiment  with  the  note  to  No.  8. 

30.  Electrolysis  of  hydriodic  acid  =  HI.  The  oxygen  gas  Is,  of 
course,  derived  from  water,  which  is  decomposed  simultaneously.  The 
quantity  of  oxygen  increases  with  the  dilution  of  the  acid  and  the  strength 
of  the  current.  The  quantity  of  hydrogen  which  is  disengaged  at  the 
negative  pole  is  always  equal  to  that  which  is  disengaged  in  the  water 
voltameter ;  because  HI  is  equal  to  ^H,HO,  and  so  far  as  water  is  con- 
cerned, H,HO  in  the  solution  is  equal  to  H,HO  in  the  voltameter. 

3 1 .  Electrolysis  of  an  aqueous  solution  of  iodide  of  potassium : — 

A.  Before  the  current  passes, 

-  Pole  I  H    HO  I  K     I  I  K    I  |  K     I  |  K    I  |  +  Pole. 

B.  After  tJie  current  passes, 

-  Pole    H|HO    K|I    K|I    K|I    K|I     +  Pole. 

32.  See  No.  16. 

3  3 .  Decomposition  of  sal-ammoniac : — 

f  CI  at  die  -f-  pole. 

ZH^yields|zH',HJ,,the-pole. 

34.  Electrolysis  of  common  salt : — 

"NT  m  1  f  ^  at  the  +  pole. 

35.  Decompositioa  of  hydrate  of  potash  {Davy) : — 

r  O  at  the  +  pole. 

K^0yidd8|K        J„ta.e-pole. 

Summary. — I  consider  the  evidence  that  is  afforded  by  these  electro- 
lytic experiments  to  be  entirely  in  favour  of  the  radical  theory.   Magnus's 
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results  prove  that  radicals,  and  not  atoms,  aro  the  galvanic  equivalents. 
The  tendency  of  the  whole  of  the  experiments  is  to  show,  that  H  -h  HO 
is  the  true  formula  for  water.     With  the  aid  of  this  formula  every 
electrolytic  experiment  is  easily  and  clearly  explained.    Without  it,  you 
must  adopt  Magnus's  conclusion,  that  "  ^vanic  equivalents  differ  firom 
chemical  atoms,*'  and  thus  unsettle  the  electro-chemical  Aeory,  and  ^^^ 
nothing.    The  experiments  of  Faraday  and  Daniell  distinctly  agree  with 
the  radical  theory.     Those  of  Magnus  are  identified  with  it,  and  incom- 
patible  with   any   previous   theory.     The  only  ground  upon    whidi 
English  chemists  can  persist  in  ascribing  to  water  the  formula  HO,   is, 
tiiat  they  have  been  accustomed  to  do  so  for  fifty  years.     That  water  is 
a  binary  compound  of  oxygen  and  hydrogen,  was  the  first  deducticm 
fix)m  the  Atomic  Theory^  and  it  has  been  a  fruitful  source  of  fellacies 
and  difficulties  during  the  entire  period  of  its  supremacy.     There  wiU 
be  no  simplicity  in  chemical  formulae,  and  no  logic  in  chemical  theories, 
until  this  Idol  of  Daltonism  is  overthrown. 


Catalysis. 

Chemical  combinations  and  decompositions  sometimes  occur  in  the 
presence  of  substances  which  seem  to  cause  these  reactions,  bat  which 
are  not  changed  by  tfaiem. 

Some  fiujts  described  in  these  pages  may  help  to  explain  this  miys- 
tery.  i .  The  element  azote  by  producing  an  amidogen  converts  three 
radicals  into  one ;  by  producing  an  ammoDium,  it  converts  five  radicals 
into  one.  It  can  let  firee  these  radicals  by  combining  with  C  to  prodooe 
an  acid  radical ;  and  these  changes  can  be  reversed.  2.  Certain  metals 
produce  two  radicals.  Thus  Cu  can  become  Cue*,  and  Cuc^  can  become 
Cu.  Sn  can  become  Snc",  and  Snc"  can  become  Sn.  Fe*  can  become 
Fee",  and  Fee'  can  become  Fe*.  All  these  changes  take  place  according 
to  the  amount  of  basic  or  acid  power  that  is  brought  to  bear  upon  the 
materials;  such  changes  in  the  number  of  radicals,  produce  an  enor- 
mous alteration  in  the  saturating  capacity  of  a  given  quantity  of  matter; 
and  as  it  is  possible  that  the  acting  substances  may  end  as  thej  began, 
a  great  effect  is  produced  by  a  hidden  cause. 


^TV 
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AOETAL,  constitution  of,  371 
Acetates,  atomic  measure  of,  112 
Acetin,  varieties  of,  379,  389 
Aoetodilorhydrin,  388 
Acetochlorhydrobromhydrin,  388,  391 
Acatodichlorhydrin,  388 
Acetone,  50 
Acetonia,  216 
Acetonitrile,  60,  218 
Acetyl,  bromide,  50 

—  chloride,  50 

—  iodide,  50 

—  ozychloride,  50 

—  perchloride,  56 
Acetyla  acetylite,  120 
Acetylam,  191 
Aoetylamine,  50,  201 
Acetylate,  123 
Acetyl-urea,  361 
Acid,  acetic,  50 

-,  anhydrous,  50,  120 
aoonitic,  438 
adipic,  450 
allopbanic,  362 
amyl-dtric,  431 
amyl-malic,  415  ^  J 

amyl-salicylic,  458 
anchoic,  454 
anilocyanic,  304 
anthranilic,  349 
aspartic,  412,  415 
benzamic,  349 
benzoic,  52 

biamidobenzoic,  254,  362 
bibromo-sulphonaphtalic,  497 
bichloro-sulphosomethylic,  497 
bromhydric,  52 
-  butyric,  52 

anhydrous,  53 
campholic,  53 
camphoramic,  227 
caproic,  53 


Acid,  carbamic,  359 
carbanilic,  349 

carbonic,  53 

petyl-sulphuric,  487 

chloracetic,  55 

—  chlorhydric,  54 
chlorous,  54 

■         chloro-sulphosomethylic,  497 

—  chrysammic,  252 

—  dtracooamic,  439 

citric,  424 

its  varieties,  428 

argument  that  it  is  not  a 
tribasic  acid,  but  a  triple 
acid,  424 

citrobianilic,  433 

citromonanilic,  434 

coerulin-sulpharic,  270 

cuminamic,  354 

cyanhydric,  56,  245 

cyanic,  250 

dimethyl-dtric,  430 

disulphanilic,  241,  494 

disulphanisolic,  494 

disulphetholic,  494 

disnlphobenzolic,  494 

disulphometholic,  493 

disulphonaphtalic,  494 

disuiphopropiolic,  494 

dithiobenzolic,  494 

dithionic,  157 

dithionoQS,  157 

ethylamyl-citric,  431 

ethylosulphurous,  496 

ethykalicylic,  458 

ethylsulphobenzoic,  491 

ethylotrithionic,  499 

formic,  59 

fumaric,  414.  420 

gallic,  531 

gaoltheric,  458 

glycoUic,  44 
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Acid,  glycylic,  374,  382 

h^^obromic,  52 

hydrochloric,  54 

hydrocyanic,  56,  245 

hydrofluosilicic,  503 

hydroiodic,  59,  551 

— •  hydrosulphuric,  62 

hypochloroufl,  54 

hypoQitric,  61,  253 

•  hyponitroua,  253 

■         hypophosphorous,  144 

—  hyposulphamylic,  496 

—  hyposulphuric,  157 

hjrposulphurouR,  157 

^—  iMolinic,  532 

iodic,  548,  554 

iodohydric,  69,  551 

isamic,  268 

isatic,  261 

« isatinamic,  268 

—  isatioic,  261 

—  malamic,  415 

'  malanilic,  418 

maleic,  414,  419 

—  malic,  411 

argument  that  it  is  a  double 

acid,  not  a  bibasic  add,  411 

—  methyl-citric,  430 

methylodithionic,  498 

methyl-aalicylic,  458 

methyl-spiroylic,  458 

methyl-xanthic,  474 

nitric,  61,  251,  256 

7-  anhydrous,  61,  253 

nitrous,  61,  253 

octyi-sdphoric,  487 

—  cenanthylic,  61 

organic,  defined,  81 

oxamic,  195,  226 

oxanilic,  227,  287 

pentathionic,  157 

phonic,  45 

phosphoglyceric,  385 

phosphoric,  138,  561 

phosphorous,  143 

potassio-Bulphoric,  402 

— —  pyrogallic,  531 

pyrotartranilic,  463 

radicals,  conversion  into  basic  ra- 
dicals, 75,  535 

radicals  act  as  basic  radicals  with 

additional  oxygen,  376,  480 

salicylic,  62,  453 

salicyloas,  62,  455 

sebacic,  451 


Acid,  sebamic^  451 
—^  selenious,  62 

silicic,  501 

hydrates  of,  503 

suberic,  450 

suberanilic,  450 

succinic,  446 

succinamic,  447 

succinanilic,  288,  447 

sulphaoetic,  489 

sulphamic,  235 

sulphamylic^  487 

sulphanilic,  238,  28d»  498 

sulphanisic,  492 

sulphindigotic,  270 

Bulphobenaidic^  496 

sulphobenxoic,  491 

sulpfaobeoflolie,  496 

Bulphobntylic,  48? 

sulphobutyric,  491 

sulphocarbcnic,  473 

salphocinnamic,  492 

Bulphocumenic,  496 

snlphocymenic,  496 

sulphocyanic,  247 

sulphoglyceric,  385 

sttlphomethylic,  486 

sulphonaphtalic^  496 

sulphophenic,  487 

sulphopropionic,  491 

snlphopurporic,  274 

sulphosalicylic,  492 

'  sulphosomethylic,  495 

sulphosuccinic,  448 

'  sulphothymic,  487 

sulphotoluylic,  496 

sulphovinic,  400,  486 

-  sulphozyloic,  496 

sulphuric,  62 

anhydrous,  62, 119 

sulphurous,  62 

tartanilic,  468 

tartaric,  461,  463 

tartaromethylic^  466 

tartaroYinic,  466 

tartramic,  466 

tartramylic,  466 

terchloTO-suIphosometliylic,  407 

tetrathiooic,  157 

thionaphtamic,  498 

toluamic,  354 

trichloro-salphoQApbtalic,  497 

trithionic,  157 

valerianic,  63 

xanthic,  475 
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AddificatioD,  75 

Acidity,  its  relation  to  basidtj,  73. 

Acids,  anhydrous,  116 

and  bases,  theory  of,  18 

consequences  to  wUch  that  theory 

"     311, 358 

—  amidogen,  208,  225 

—  amidogen,  with  compound  radicals, 
227 

—  anilidogen,  228 

—  constitution  of,  3 

—  conjugated,  theory  of,  395 
— -  copulated,  399 

—  coupled,  399 

—  colligated,  399 

-—  monobasic,  how    oonvertible    into 
polybasic,  395 

—  organic,  their  atomic  measure,  66 
nomenclature  dS,  89 

polybasic,  theory  of,  395 
polythionic,  156 

peculiarities  in  their  saturat- 
ing capacity,  173 

—  tribosic,  atomic  measure  of,  112 
Aconites,  427,  436 

Acrolein,  50 
Acryl,  50 
Acrylic  alcohol,  50 
Adipntes,  444^  450 
Agalmatolite,  511 
Air,  atmospheric,  50 
Albite,  512 
Alcohol,  56,  65,  81,  88 

—  acrylic,  50,  65 

—  amylic,  51,  65 

butylic,  52,  65 

—^  caproic,  53,  66 

caprylic,  53,  65 

castor-oil,  53,  65 

methylic,  59,  65,  88 

— — —  propylic,  62,  65 
Alcohols,  nomenclature  of,  88 

polyatomic,  366 

Aldehyde,  50 
Aldehydeii.    See  Aldides 
Aldides  defined,  81 

examples  of,  65 

—^  natnra  of,  124 

nomenclature  of^  88 

^—  preparation  of,  78 
Alkarsin,  53 
Allophanates,  362 
Allophanic  ether,  363 
Allyl,  sulphocyanide,  50 
versus  aciyl,  378 


Alumina,  binacetate,  518 

tersulphate,  518 

Alnminic  radical,  51 8 
Aluminous  radical,  518 
Amethanes,  226 
Amid,  defined,  193 
Amida  carbate,  194 

indylate,  258 

Amidac,  defined,  1 93 
Amidacs,  hydrides  of,  199 

salts,  224 

Amidated  acids,  225 

Amidec,  defined,  193 

Amidedacids,  225 

Amides,  208  # 

Amidogen  theory,  190 

gaseous  salts  of,  196 

adds,  208,  225 

with  compound  radicals,  227 

hyposulphates,  484 

sulphites,  485,  497 

Amidogens,  nature  of^  99 
Amids,  conjugated,  299,  301 

hydrides  of,  199 

conversion  into  ammons,  194 

non-oxidised,  salts  of,  215 

production   of  various   classes    of 

salts  of,  209,  211,  213 

relation  to  ammons,  193 

table  of,  211 

Amines,  201 
Ammon,  defined,  193 

■  carbonate  o£^  356 
Ammon  chlorplatammonium,  313 
Anmion  oxyptatammonium,  313 
Ammonam,  defined,  193 
Ammonams,  salts  o^  202 
Ammonem,  defined,  193 
Ammonems,  salts  of,  203 

Anomonia,  anhydrous,  oxysulphur  Kills 
of,  233 

alums,  230 

atomic  measure,  50,  99 

bicarbonate,  356 

'         carbamate,  50,  359 

carbonate,  355,  359 

compounds  of,  100 

■  constitution  of,  99 
eyanate,  permanent  ,888 

non-permanent,  338 
hydrochlorate,  50 
hydrocyanate,  50 
hydrosulphate,  50 
hydrotellurate,  50 
is  a  salt,  not  a  radical,  196 
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Ammonia,  its  salts  are  of  two  classes^ 

those  of  amidogen  and  those  of  ammo- 

iiiuro,  197 

polythionates,  233 

sulphate,  electrolysed,  550 

type,  210,  232,  297 

Ammonias,  oompoand,  201 

classitied  table  of,  199 

Aramoniated  salts,  198,  229 
Ammonim,  defined,  193 
Ammonims,  salts  of,  204 
Ammonium  theory,  190 

salts  of,  198 

cannot  excliange  H  for  Cy,  N,0,  or 

^0«,  288,  289,  297 
Ammoniums,  formulae  of,  202,  207 

compound  salts  of,  205 

of  impossible  constitution,  311, 323, 

337,  346 
Ammonom,  defined,  193 
Ammonoms,  salts  of,  204 
Ammons  and  araid8---double  salts  of,  195 
Ammons  combined  with  amids,  215 
Ammons  converted  into  amids,  194 
Amy  I,  50 

—  acetate,  51 

—  borate,  51 

chloride,  61 

cyanide,  51 

hydride,  50 

—  hydrosulphide,  51 
-^—  ioidide,  51 

nitrite,  51 

oxalate,  51 

silicate,  51,  501,  505 

sulphide,  51 

valerianate,  51 

Amyiamine,  201 
Amylaniline,  282 
Amylec,  193 
Amylen,  63,  373 
Ajnylic  alcohol,  51 
Amylic  glycol,  372 
Amyl-malates,  412,  415 
Amylom,  193 

Amylosulphates  electrolysed,  405 
Amylo-urethane,  353 
Analcime,  512 

Analytical  and  synoptical  formulae  dis- 
tinguished, 127 
Anchoates,  446,  454 
Angelyl,  51 
Anhydrides,  118 

amended  theoiy,  377,  48(> 

double,  121 


Anhydrides,   nomenclature   of   the,  90, 
120 

Gerhaidt's,  120 

Anhydrous  acids,  118 

Aniles,  222,  224 

Anilides  of  tartaric  add,  468 

Anilin-ammeline,  295 

Aniline,  51,  274 

bases,  general  view  of,  307 

—  salts,  critical  notes  on,  28o 

table  of  its  salts,  276 

theory,  275 

Anilo-urea,  298 

Anis,  essence  of,  51 
Anthranilates,  305,  349 
Antimonim-etted  hydrogen,  61 
Antimony,  salts  of,  104. 
Antimony,  terchloride,  51 
Apple-oil,  521 
Arabin,  519 
Argentac,  191 
Argentam,  191 
Arsen-ethyl,  58 
Arsenic,  51 
chloride,  51 

—  iodide,  51 
oxide,  51 

—  atomic  measure,  in  gases^  103 
Araeniuretted  hydrt^en,  51 
Arsen-triethyl,  52 

Asparagine,  413,  4*7 

with  acids,  413,  418 

with  bases,  413,  417 

Aspartates,  412,  416 

Atomic    measure   of  gases,  simple  and 

compound,  tabular  view  of,  49 — 63 
-  measure  of  gases,  question  whether 

all,  simple  and  compound,  have  tbe 

same  measure,  116 
measure  of  compound  gases,  cmube 

which  modify  the,  94,  107 
measure  of  the  vapours  of  poly- 
basic  acids,  111 

theory,  inquiry  into  the,  537 

theory,  unable  to  determine  what 

constitutes  an  atom,  542 
— -  theory,  of  no  use  in  explaining  thf 

constitution  of  organic  radicals,  546 

weights,  table  of,  28 

weights  of  gases,  49 


Augite,  511,  514 
Auric  radical,  34 
Aureus  radicfd,  34 

Azote,  the  constructor  of  basic  radicals. 
306 


Azote,   its  trsnfmigmtiaD  Trom   i 


Baaeg,  constitutioa  of,  3 

— —  Iheir  relalioa  to  acids,  31 1 

theirreiation  to  basic  radicals,  275, 

882,  285,  295,  533 
Banic  and  acid  ndicala  discriminstcd,  73 
radieala   reduced  to  acid  radicals, 

74,  40S 


Bromid 
Bromiai 
Buchcl: 


in  alnnii,  230 

in  chlorida,  33, 187 

in  cyanidea,  39 

in  OMialea,  37,  181 

in  phoajjiatei,  140 

in  dlicatts,  507,  514 

in  sulphatB,  150,  554 

in  tartratiB,  465, 468 

in  laathate),  473 

BaaylauB  atoms  or  ndicals,  33 

and  bnijlir  atomi,  lielr  relation  to 

-  relation  Id  rillcatn,  507 


a,  379 


Benio 

B«nioiIe,  chloride,  52 

chlorohydride,  62 

Benzo-gljcctlates.  457,  460 
Benzo-Uctatea,  45T,  460 
Beniole,  61 
B«nzonitrile,  61 
B«DZ07l-urea,  361 
Bciyl,  511 
Biatomic,  the  (enn 

alcohol,  366 

Bibaaic   addi,  abn 

gnsee,  113 
Binary  tbeoiy  of  odts,  18 
BiDoipalphocarbonatea,  471,  478 
Bismuth,  chloride,  h2 
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Butfl-a 

Bntyl-h 
Butylen 


Butjrot 
Butyrjl 
Cooodfl 


Campbo 
Campho 


I,  104 


566 


INDEX. 


Carbamide-carbonilide,  298 
Carbamide-nitrocarbaDilide,  289 
Carbanilates,  305,  349 
Carbanilide,  298,  306 
Carbon,  an  acid  radical,  73 

it8  measure  in  gases  and  salts,  95 

protochloride,  54 

—  bichloride,  54 

sesqnidUoride,  54 

sulphide,  53,  472 

Carbonates,  constitution  of,  183 

essentially  bibasic,  183 

acid,  184 

basic,  184 

double,  184 

neutral,  184 

with  organic  radicals,  185 

Carbonic  acid,  53 

odde,  53 

Carbonyle,  114 

Castor-oil  alcohol,  53 

CaUlysis,  560 

Cedrene,  53 

Cedrole,  53 

Cellulose,  519 

Cetene,  54 

Chabasite,  512,  515 

Chemical  types,  91 

Chinese  wax,  454 

Chloral,  55 

Chloraldehyd,  55 

Chloral,  hydrate,  55 

Chloraniline,  281 

Chlorbenzid,  56 

Chlorcyanilid,  295 

Chlorenic-methyl,  54 

Chlorenic-ethyl,  94 

Chlorenio-viny],  54 

Chioretherose,  hydrochlorate,  56 

Chlorhydrin,  384,  389 

Chloric  radicals,  nature  of,  93, 1 3 1 

their  measure  in  gases,  101 

nomenclature,  94 

Chloric-ethyl.  55,  94 
Chloric-indyl,  262 
Chloric-methyl,  54,  94 
Chloric-oxide,  54 
Chloric-phenyl,  275 
Chlonc-phenylac,  280 
Chlorio-salicyUites,  457 
Chlorides,  constitution  of,  186 

if  polybasic  or  not  ?   186 

multiple,  188 

their  atomic  measure,  101 

of  organic  radicals,  67 


Chlorides  of  bfliMic  add  radicda,  112 

of  tribttdc  add  radicals,  112 

electrolysis  o^  551 

Chlorine,  54 

^—  substitatHNis  ibr  H,  93 

gases  oontainiog  it,  54 

oxides  of,  tiieir  mcamre,  102 

Tice-radicals,  93,  131 

Chlorinicradicals,  94,  132 

Chlorinic-methyl,  54 

ChlorisaUtes,  263 

Chlorisathyde,  264 

Chlorisatin,  262,  281 

Chloroform,  54  * 

ChlofD'hydraied  snlphnric  add,  153 

Chloro-nitrousgas,  56 

Chlorplatammonium,  313 

Chloro-sulphuric  add,  56,  114,  145, 155 

Chlorovinic  formiate,  55 

Chromates,  125 

Chromium,  its  atcMnic  measure  in  gaseous 
salts,  102 

— ^  oxychloride,  56 

Chromons  chromite,  120 

Cimolite,  511 

Cinnamol,  63 

Citraconamide,  439 

Citraconates,  table  o^  427 

double  salts  of  monobasic  acads^  439 

Citrates,  table  of,  424 

-— «-  shown  to  be  triple  salts  of 
basic  adds,  424,  435 

Citric  group  of  salts,  424 

CitrobianUates,  433 

CitrobianUe,  434 

Citronanilide,  433 

Classification  of  organic  radicals,  525 

Combining    proportion  of  an 
defined,  544 

Comenates,  532 

Compound  radicals,  tables  of,  44,  70, 79, 
525 

Compounds  produced  by  the  abtftnctioa 
of  water  from  the  salts  of  ammoDimB, 
208 

Composition  of  gases,  table  of,  49 

Conjugated  adds,  theory  of,  395 

of  the  benzoic  group,  459 

citric  group,  430 
salicylic  group,  458,  460 
sulphuric    gxvup,  399,  480, 
486,  495 

of  the  tartaric  group,  461 
xanthic  group,  470 
cyanides,  246 
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Copper,  electrolysiA  of  iU  salts,  552 — 554 

Copulated  oxalates,  408 

Cream  of  tartar,  463 

Cumenjl  hydride,  56 

Camyl,  hydrate,  56 

Cupric  atom,  34 

—  sulphate,  electrolysed,  548,  552 
Cuprous  atom,  34 

chloride,  electrolysed,  548 

Cuprousam,  191 
Cyaoamlide,  290 
Cyanates,  250 

their  measure  as  gases,  100 

terbasic,  305,  348 

tetrabasic,  362 

Cyanides,  constitution  of,  88,  43,  217— 
221,  243—246 

single,  39,  243 

double,  40,  244 

triple,  39,  244 

fourfold,  42,  244 

decomposition  of,  41,  220 

— i  their  atomic  measure,  108 

—  organic,  67 

are  not  nitriles,  217 

CyaniUde,  291 
Cyaniline,  297 
•— —  Hofmann*s  theory,  297 

—  its  insufficiency,  298 

Cyanite,  511 
Cyanogen,  38,  56 

bromide,  56 

— '  chloride,  56 

—  consideration  of  the    pi'oposal   to 
abolish  free  cyanogen,  38 

conjugated,  a  needless  hypothesis, 

246 
Cyanurates,  their    atonic    measure    as 

gases,  100 
Cymen,  63 
Daltonism,  537 

Davy,  on  the  composition  of  salts,  21, 128 
Definite  proportions,  537 
Definition  of  compounds,Gerhardt's  theory 

of,  and  its  consequences,  410 
Diacetochlorhydrin,  388 
Dibromaniline,  281 
Dibutyrosulphurin,  390 
Dicyanomelaniline,  294 

metamorphoses  of,  302 

Dicymenaphthalaniine,  533 
DinitromelanilJne,  290 
Dioptase,  511 
Diplatinamine,  313 
Diplatosamine,  313 


Disulphzinilates,  494 
Disulphanisolates,  494 
Disulphetholaies,  494 
Disulphobeozolates,  494 
Disulphometholates,  493 
Disulphonaphtalates,  494 
Disulphopropiolates,  494 
Dutch  liquid,  54 
Elayl,  73, 
Electrolysis  gives  eyidence  in  favour  of 

the  radical  theoiy,  548,  560 
its  laws  are  incompatible  with  those 

of  combination  in  multiple  proportions, 

547,  557 

applied  to  conjugated  acids,  404 

Electrolytes,  549 
Electrolytic  researches,  547 
Elements,  table  of,  28 

atomic  weights  of,  30 

names  of,  28 

—  symbols  of,  28 

proposal  to  abolish  them,  38 

relation  of  their  atomic  weights  to 

the  densities  of  their  gases,  542 
Equivalent  proportions,  law  of,  538 
Equivalency  of  radicals  not  affected  by 

oxygen,  69 
Equivalents  are  sometimes  assumed  to  be 

different  from  atoms,  148 
— ^  are  the  same  as  radicals,  34 
Erenite,  511 
Ethelene  bibromide,  54 
Ether,  56,  66,  81 
Ethers,  compound,  66,  81 
— ^  nomenclature,  89 

necessity  of,  73 

chlorinated,  55 

Ethyl,  56 

acetate,  67 

benzoate,  57 

—  borate,  57 
•^—  bromide,  57" 

butyrates,  57 

caproate,  57 

—  caprylate,  57 

—  carbamate,  57 
■         carbonate,  57 

chloride,  55,  57 

•^— •  chlorocarbonate,  55 
— — •  cinnamate,  57 

cuminate,  57 

cyanate,  57 

— ^  cyanurate,  57 

cyanylate,  57 

formlate,  57 
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Ethyl,  formiate  tribasic,  57 

hydride,  57 

-^—  iodide,  57 

laurate,  58 

nitrite,  58 

oxalate,  58 

phosphite,  tribaaic,  58 

pjromacate,  58 

succinate,  58 

—  silicate,  58 

non-volatile,  501,  504 
sulphide,  58 

bisulphide,  58 

hydrosulphide,  58 

sulphite,  58 

sulphocyanide,  58 

valerianate,  58 

Ethjl-amyl,  58 

'     ■- oxide,  58 

£thyl-butyl,  58 

Ethyl  and  methyl,  oxide,  58 

Ethyl  and  methyl^  oxalate,  58 

Ethylamine,  58 

Ethylaniline,  282 

Ethylin,  379 

Ethyl-<Bnanthyl  ether,  58 

Ethylophosphates,  electrolysis,  405 

Ethylopiperidine,  63 

Ethylotrithionates,  486,  499 

Ethyl-urethane,  57,  352 

Euclase,  511 

Fats,  relation  to  glycerin,  384 

Felspar,  512 

Ferric  atom,  or  radical,  33 

Ferric  salts,  33,  35 

Ferric  sulphate,  electrolysed,  548, 554 

Ferrous  atom,  or  radical,  33 

Ferrous  salts,  33,  35 

Ferrous  sulphate,  electrolysis,  548,  554] 

Fluorides,  oipmic,  67 

— -  their  measure  in  gases,  101,  108 

Formanilides,  286 

Formo-benzoylates,  457,  460 

Formomethylal,  60 

Formulae,  construction  of,  84 

consequences  that  result  from  their 

duplication  and  triplication,  366,  395 
Formyl,  58 

■  chloride,  54 

perchloride,  54 

suboxide,  531 

Fructose,  519 

Fruit  essences,  nature  of,  521 
Fuclisite,  516 
Fumaramide,  420 


Fumarates,  414,  420 

Fumaric  amides,  415,  420 

Furfiirol,  59 

Gadolinite,  511 

Galvanic  equivalents,  548,  555 

Garnet,  512 

Gases  and  vapours,  tabular  view  of  tMr 

composition,  &c.,  49 
inquiry  into  die  causes  whidi  mo- 

diiy  their  atomic  measure,  94 
-— » tabular  view  of  these  causes,  108 
-^^  measure  of  the  oondenaatioii  effected 

by  special  radicals,  108 

—  atomic  measure,  rule  to  calcnlate, 
110 

specific  gravity,ni]e  to  cakaUte,l  10 

—  such  as  have  irregular  atomic 
sure,  96,  109 

—  of   polybasic     acids, 
of  Gerhardt's  theory.  111 

Clark's  table  of,  5 

Glucose,  519 
Glyceramine,  377 
Glyceric  ether,  377 
Glycerides,  376 
Glycerin,  374,  376 
— — -  wonderful    account    of  its 
power,  386 

fallacies  in  that  account,  391 

Glycocoll,  352 
Glycol,  366 
Glycyl,  376 

salts  of,  374,  392 

Glycylites,  376 
Grape-sugar,  519 
Gross's  platinum  base^  312 
Guajacene,  51 
Gum-arabic,  519 
Hexyl,  59 
Hexyline,  59 
Hippurates,  456,  460 
Homologous  series,  527 
Homology,  527 
Hydra  acetylete,  50,  89 
aconylete,  427,  438 

—  adipylete,  444,  450 

bromaaHBr,  52 

butyrylete,  52 

chlorarrHCl,  54 

cyana  =HCy,  243 

-^  cyanate=:HCyO,  250 

fbrmylete,  59,  189 

'         fumarylete,  414 

ioda  =HI,  59,  551 

iodite,  548,  553 
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Hydra  maleylete,  414,  419 

nitrate  =  HNO,  255 

nitrete  =  HNO«,  255 

nitrite,  =  HNO»,  251,  256 

oenanthylete,  61 

— ^—  phenylate,  45 

—  aebamylete,  445,  461 
silate,  503 

suberylete,  444 

—  suocinylete,  446 
sulphate,  120,  160 

—  sulphete,  118,  166 
tartrylite,  461 

—  valerylete,  63 
Hydramides,  228 
Hydranzothine,  477 

Hydrated  alkalies,  theory  of,  9, 14 

—  acids,  theory  of,  4 
Hydrides  of  radicals,  65 
— —  nomenclature  of,  88 
Hydrocarbons,  with  an  even  namber  of 

atoms  of  hydrogen,  discussion  respect- 
ing, 368 

■  cannot  displace  hydrogen  in  other 
hydrocarbons,  459,  487 

Hydrocyanic  add,  42 

Hydrogen,  as  a  gas,  69 

— ^  acts  as  a  Imsic  radical,  73 

— ^  its  atomic  measure  in  salts,  69, 108 

Hypophosphites,  144 

Hyposulphates,  constitution  of,  172 

double,  493 

—  containing  ricf^-ammons  and  vice- 
amids,  240 

— —  various,  483,  484 

Hyposulphite,  with  yice-amids  and  vice- 

ammons,  242 
'  constitution  of,  160 
— .  complex,  166 
Idocrase,  516 
Imasatine,  267 
Imesatine,  266 
Imides,  222,  224 
Imidogen  compounds,  208,  222 
Indigo,  257 

blue,  258 

multiple  salts  of,  264 

oxidised,  260 

-—  oxysulphur  salts  of,  described,  269- 

274 ;  theory  corrected,  490 

reduced,  259 

sulphate  of,  270 

white,  258 

Indigogen,  258 
Indigotine,  258 


Indyl,  257 

«—  conversion  into  phenyl,  280,  532 

conversion  into  salicyl,  632 

Indylac,  264 

salts  in  which  it  is  the  positive  ra- 
dical, 269 

salts  in  which  it  is  the  negative  ra- 
dical, 264 

Indylam,  269 

Inulin,  519 

lodaniline,  281 

loriic^phenylac,  275,  281 

Iodic -radicals,  132 

lodiilcs,  their  measure  in  gases,  101 

—  metallic,  their  electrolysis,  551 

->—  organic,  67 

Iodine,  59  ^ 

Iron,  its  ferrous  radical,  33 

-~—  its  ferric  radical,  33 

essential  difference  between  the  fer- 
rous and  ferric  radicals,  35 

-^—  circumstances  under  which  the  fer- 
rous and  ferric  radicals  are  respectively 
produced,  36,  310 

—^  electrolysis  of  its  salts,  654 

the  peroxidation  and  protoxidation 

of  its  salts  explained,  37. 

cyanides  containing,  38 

double  salts  of,  37 

Isathyde,  262 

Isatides,  261 

Isatimide,  267 

Isatine,  260,  280 

Isatinides,  261 

Isatites,  261 

Jargonelles,  essence  of,  521 

Ketones,  atomic  measure,  66 

— ^  d^ned,  81 

how  prepared,  76 

nomenclature  of,  89 

Klumene  gas,  68 

Enebelite,  511 

Eolbe's  copulated  oxalates,  408 

Laumonite,  512 

Leuclte,  512 

Lignin,  619 

Lignone^  60 

Likene,  69 

Lime,  trisib'cate,  511  t 

Magnus's  platinum  salt,  318 

Mamnide,  417 

Malatet,  acid,  412,416 

basic,  412,  416 

double,  412,  416 

neutral,  412,  415 
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Malates,  shown  to  be  double  salts  of  mono- 
basic acids,  41 1-423 
Maleates,  414,  419 
Malic  group  of  salts,  411 

—  summary  of  dieir  chemical  reae- 
tioDs,  420 

Malio-phenyl  amides,  414,  418 
Mandelates,  457,  460 
Manganese,  silicate,  511 
Manganic  radical,  34 
Mansanous  radially  34 
Marw  gas,  59 
Meconates,  532 
Meerschaum,  511 
Melaniline,  291 

Hofinann's  diversified  theories,  293 

salts  of,  292 

Melanoximide,  302 

—  its  deoompositioii  bj  heat,  307 
Menaphtbalamine,  532 
Menaphthoximide,  533 
Mesitjlol,  59 

Metallic  oxides,  intermediate,  123 
yice  radicals,  137 

—  evidence  of  their  oocorrenoe,  304, 
416,  467,  490 

Metamerism,  17 

•— ^  traced  to  its  cause,  523 

Metamorphoses  of  organic  radicals,  519 

Metaphosphates,  138 

Menthene,  59 

Mercaptan,  58 

Mercuric  radical,  34,  59 

—  bromide,  59 

—  chloride,  59 
iodide,  59 

—  sulphide,  59 
Mercurous  radical,  34 

—  bromide,  59 
— —  chloride,  59 
Mercury,  59 

its  measure  in  gases,  107 

Mericac,  191 
Merousac,  191 
Mesitylene,  59 
Methyl,  59,  66 

—  acetate,  59 

—  benzoate,  59 
— —  borate,  59 

bromide,  60 

butyrate,  60 

caprylate,  60 

chloride,  54,  60 

—  chloric,  54 
caproate,  60 


Methyl,  cyanide,  60 
'  cyanurate,  60 

cyanylate,  60 

fluoride,  60 

formiate,  60 

tribasic,  60 

hydride,  59 

iodide,  60 

nitrate,  60 

salicylate,  60 

'  succinate,  60 

sulphide,  60 

bisulphide,  60 

sulphate,  60 

— ^  sulphocyanide,  60 
^—  sulpho<»rbonate,  60 

xanthate,  60 

Methylal,  61 
Methylam,  192 
Methylamine,  61 
Methyl  and  amyl  oxide,  60 
Methylem,  192 
Methylene,  bichloride,  55 
Methyi-hexyl,  60 
Methylic  alcohol,  59 
Methylic-amylac,  191 
Methylic  ether,  59 

monochlorinated,  55 

— —  bichlorinated,  55 

terchlorinated,  55 

Methylim,  192 

Methylodithionatea,  4d6»  498 

Methylopiperidine,  63 

Methylom,  192 

Methyl-urea,  345 

Milk-sugar,  519 

Mineral  silicates,  505 

Model  of  water,  82 

Monatomic,  defined,  146 

Multiple  combining  proportions,  laws  of, 

537 

they  are  &lIacious,  539 

improbable  if  not  impossible,  546 

——incompatible   with    the    ftcts    of 

electrolysis,  547,  556,  557 
Mutability  of  simple  radicals,  310 

of  azotic  radicals,  217—221 

Naphtha,  61 

Naphthaline,  61 

Natrolite,  512 

Nicotine,  61 

Nitra  nitrate  =  N,NO,  255 

Nitra  nitrite  =  N,NO»,  255 

nitrute  =  N,NO»,  120,  255 

Nitranilme,  288 
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Nitrate  =K0,  255 

Nitntea=M,NO*,  251 

caoaet^acdditT.TO 

Nilrete  =  NO*,  255 

Nitrilra,  208,  217 

Nitrita  =  M^O*,  253 

Palmitin,  379 

ga>eons,6T 

NitroUnzide,  81 

P«rafEne,61 

Nitrogen,  61 

Pear^l.  521 

pnrtoiide,  SI 

deutoiid.,  61 

Peppermint  camphor,  51 

peroiidf,  61 

Perchlororinic  fonniaU,  56 

atomic  numore  of,  99 

Petrolene,  61 

MitrogijceTiiie,  385,  3M 

Phenakile,  511 

Phenyl,  cranide,  Bl 

hydride.  61 

D>trtl«,ei 

nnmentioD  of  oiygen,  86 

relation  to  aniline  275 

Pbeayta  cyanaU,  304 

eiunploB  of,  87 

Pheaylac.  190, 193,  275 

or    tnakgtDt    and    xmrnoniam., 

PhmyUm,  193,  375 

ISO 

oyan.te,a98 

of    multiple    nlU.      Stt  nmlrta, 

Phaiylec,  191 

Pheoylem,  275 

&o. 

cyanate.  298 

(Enantfaol,  61 

Phoigei..ga^55.1I* 

Phospha  ptioapholt,  120 

Okeoite,  511 

Oleeiw,  59 

Olefiant  gn,  63,  73,  »6 

coiuidered  Id  reftreno  lo 

dlofpSi 

ofpolybancadda,  138 

Olein,  379 

Olirin,,  511 

Phoipbites,  143 

Origin  of  oijanic  radicals,  519 

OthTl,  122 

Oialflttt,  177 

coqiplei,  183 

copnlat«I,  408 

their  measure  as  ginffi,  96, 112 

OiamalM.  2'2e 

PboiphoretUd  hydro(!en,  63 

bydriodat*  of,  62 

Oumirle,  194 

Domaa',«  utiange  Iheorv,  209 

Pbtalimide,  223,  529 

PimeUlw,  448,  454 

Oiuiilateii,  227,  237 

Pin^pple  oU.  521 

Oraoilide,  210.  286 

Pipehdine,  63 

OriJalioo,  i»t««  of  the  prooM  »  died 

260 

Platlcatonii  or  ndlcal.  309,31 

salts.  316 

Oljgen,  61 

Platicam,  191,309,  314 

has  no   meaaure   when  in  pweooi 

aalta  of,  328 

sails,  68,  95 

PUtioxm,  333 

measure  of  iU  !n>wo<»  •alia,  69 

Platinam  baaea,  308 

ii  not  a  ladical,  not  the  eqnivaient 

I'latinnm  baaea,  theoretic],  31 

diKouion    reqiecting    tb 

radicals,  69 

and  pUtlc  radiols,  308 

1 
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Platinam  salts,  314 

—  the  transformatioiis  of  the  platons 
aud  p)atio  radicals,  309,  321 

Platosaxnine,  312 

Pktoos  atom  or  radical,  309,  314 

salts,  314 

Platousam,  309,  314 

salts  of,  317 

Platotuem,  319 

Polyatomic  alcohols,  366 

are  fallacies,  385 

Polyhasic  acids,  theory  of,  395 

— —  fiiUades  in  Gerhardt's  laws  re- 
specting the  measore  of  their  gases, 
111 

—  insofficiency  of  Gerhardt's  argu- 
ments in  support  of,  148 

Polybasic  properties  of  ozy-salphur  adds 

explained,  173 
Polythionates,  157 

—  nomendatore  of,  175 
^—-  of  ammonia,  233 
Potassac,  191 

Potaasec,  191 
Propionic  aldide,  62 
Propyl,  hutyrate,  62 
Propylene,  62,  373 

bromide,  62 

Propylic  alcohol,  62 

glycol,  372 

Protoxides,  14 

Proximate  and  ultimate  constitution    of 

salts  discriminated,  10 
Prussian  blue,  two  Unds,  40 
Pyromeconates,  532 
Pyrophosphates^  138 
Pyrotartranile,  453 
Pyrotartrates,  445,  451 

terbasic,  452 

^-—  aniline  salts,  463 

Quinces,  essence  of,  521 

Radical,  what  constitutes  a,  501,  544 

atomic  measure  of  a,  94 

— —  theory,  principles  of  the,  25 
— ^ applications  of  the,  117 

—  —  supported  by  the  evidenoe  of 
electrolytic  nets,  548 

Radicals,  elementary,  table  of,  28 
— —  compound  organic  are  equivalent  to 
elementary  radicals,  or  atoms,  48 

■  ■  all  of  them  measure  one  volume  as 
gas,  64,  68 
those  which  contain  an  even  num- 
ber of  atoms  of  hydrogen  have  no  mea- 
sure in  their  gaseous  salts,  96 


Radicals,  classification  to  show  their  rela- 
tions, 525 
their  origin  and   metamorphoaes, 

519 
■         their  behaviour  in  voltaic  contnt, 

407 
table  of,  in  the  order  of  their  pnn 

portions  of  cariwn,  44 
— —  table  of,  in  the  order  of  their  hasi- 

dty,  in  which  the  carbon  is  taken  at 

unity,  70 

table  of  the  vinyl  series,  79 

necessity  of  a  more  accurate  discri- 
mination of  radicals,  379 

their  multitudinous  namesi  379 

reduction  of  acid  radicals  to 

radicals,  75,  407 
reduction  of  basic  radicab  to 

radicals,  74,  407 
■  acid  from  basic,  how  distingnished, 

73,  545 
metamorphoses,  various  modes  of, 

535 

azotic,  theory  of,  189 

degrees  of  oxidation,  122 

Radicals,  (Vice-  ) : — 

containing  CI  instead  of  H,  93»  131 

Z  instead  of  H,  132 
SinsteadofH,  136,473 
Metals  instead  of  H,  137 
Raewskjr's  platinum  base,  312 
Reduction,  nature  of  the  process  so  called, 

260 
Rdset's  platinum  base,  312 
Rennets,  essence  o^  521 
Retinnaptha,  63 
Retinole,  56 
Retinyl,  56 
Rochelle  salt,  466 
Salts,  constitution  of,  3,  18 

binary,  theory  of,  18 

— ^-  are  composed  of  two  radicals^  69, 

544 
~—  in  which  the  number  of  add  and 

basic  radicab  is  uneven,  how  explained, 

397 

Clark's  table  of  (1826),  5 

Griffin's  dassification  of  (1834),  15 

Ditto  (1857),  26,  397 

their  atomic  measure  is  two  ro- 

lumes,  68,  95 

thdr  electrol3rsis,  552 

>  ?rith  one  atom  of  oxygen,  89 

organic,  nomenclature  of,  90 

normal ,  397 
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Salts,  bibasic  and  monacid,  397 

monobasic  and  biacid,  397 

tetrabasic  and  biacid,  397 

■  peculiarities  in  their  saturating  ca- 
pacities, 173,  423 

Salicyl,  455 

■         its  atomic  measure  in  salts,  96 

salts  containing,  456 

Salicylamide,  458 

Salicylates,  455, 458 

with  acid  radicals,  456 

Salicylic  conjugated  acids,  458 

•  group  of  salts,  455 

Salicylid,  458 

Scolezite,  512 

Sebacin,  379,451 

Sebamide,  451. 

Sebates,  445,  451 

Selenium,  its  atomic  measure  in  gaseous 
salts,  105 

Selenluretted  hydrogen,  62 

Sesquioxides,  the  ^eory  pernicious.  See 
basylic  radicals. 

the  chief  obstacle  to  the  simplifica- 
tion of  the  silicates,  514 

Silica,  500 

Silicates,  on  the,  500 

—  normal,  505 

I  general  formula,  505 

■  theoretical  constitution  of^  506 
constitution  of  chief  varieties  of 

known  mineral  silicates,  507 
relation  of  the  oxygen  of  their  radi- 
cals, 509 
— ^->  rational  formulae  of,  511 
•—  inquiry  into  the  worth  of  their  ra- 
tional foimulae,  512 

easy  transformation  of  the  formnlse 

of  Berzelius  into  those  of  the  radical 
theory,  508 

—  simplification  of  the  formulse  of  sili- 
cates, 514 

classified  tables  of,  506-512 


Siliceous  gases,  peculiarities  of  their  atomic 

measure,  501 
Silico-fluorides,  503 
Silicon,  determination  of  its  eqniTalent, 

502 

its  measure  in  gases,  105,  501 

chloride,  62,  501,  503 

fluoride,  62,  501,  503 

chlorosulphide,  62,  501 

Soda,  sulphate,  electrolysis  of,  550,  558 
Specific  gravities  of  gases,  49 
Spiryl,  455 


Stannic  chloride,  electrolysis  of,  548,  552 

Stannous  chloride,  electrolysis   of,  548, 
552 

Starch  sugar,  519 

Stearin,  379 

Stib-ethyl,  58 

Stilbite,512 

Styrol,  63 

Suberamide,  450 

Suberates,  444,  450 

Suberone,  62 

Substitution,  91 

Succinamide,  447 

Snccinanile,  447 

Suocinanilide,  447 

Succinates,  443,  446 

Succinic  group  of  salts,  441 

— ^—  series  of  radicals,  441 

Succinimide,  447 

Sucdnyl,  its  measure  in  gases,  96 

^-—  ozychloride,  447 

Sugar,  Tarieties  of,  519 

■  metamorphoses  of,  522 

Sulpha  sulphat«  =S,  SO,  120 

Sulpha  sulphite  =S,  S0>,  119 

Sulphacetates,  489 

Sulphacetyl,  489 

Sulphamethylane,  237 

Sulphamide,  234 

Sulphanilates,  285,  498 

Sulphanisates,  492 

Sulphasatyde,  271 

Sulphates,  on  the,  144 

^— •  atomic  measure  in  gases,  112 

inquiry  respecting  their  assumed 

bibasic  character,  145 

Davy's  theory,  128 

— ^  multiple  salts,  150 

nomenclature  of,  156 

double,  of  alcohol  radicals  (conju- 
gated), theory,  400 

of  vice-ammons,  229 

of  vice-amids,  231 

Sulphenetes,  170 

of  vice-amids,  243 

Snlphio-indyl,  272,  490 

vice-radicals,  136,  472,  490 

Sulphide  of  carbon,  53,  471 

Sulphindigotates,  270 

Sulphindylates,  270 

Sulphites,  on  the,  171 

essentially  bibasic,  171 

acid,  171 

— ^  neutoil,  171 

organic,  484 
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